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PREFACE

The work documented in this report was conducted under Air Force
Human Resources Laboratory (AFHRL) Contract No. F33615-88-C-0015
with the University of Dayton Research Institute and was
performed by the subcontractor Georgia Institute of Technology
Research Institute. This work supports an integrated research
program which is developing advanced part-task training
techniques based on information processing theory. Captain
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contract monitor.
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AUTOMATIC INFORMATION PROCESSING AND HIGH PERFORMANCE
SKITLLS: ACQUISITION, TRANSFER, AND RETENTION

I. OVERVIEW OF THE EXPERIMENTAL INVESTIGATION

This document details four series of experiments (a total of
10 individual experiments) that were conducted to further extend
automatic/controlled processing research to command and control
mission training. The purpose of the present program of research
was to investigate training-program-relevant issues that had not
previously been addressed in the literature. These issues can be
categorized as (a) acquisition, (b) transfer, and (c) retention
of high performance skilled behavior. Transfer and retention in
the realm of automatic processing had not been extensively
investigated prior to the present research effort but are issues
clearly important for understanding how to maximize operator
training and how to maintain mission readiness over extended time
periods.

This document describes experiments that examine multiple
facets of component training: (a) what transfers, (b) the limits
of transfer, (c) retention of task component skills, (d) the
important issue of component recombination and how to combine
component training for maximum training benefit (in terms of
minimum training time and costs). Because of the breadth of the

issues examined, each of four primary, independent sections

exhaustively investigates one aspect of the above research
domains.
The first series of experiments investigated the effects of

type and amount of consistent mapping practice on automatic




process development. These experiments begin the investigation
of the effects of differential amounts of practice on the
"strength" (degree of automatic process development) of
consistently mapped stimulus items. These experiments help to
assess when it is possible to reduce the amount of practice
needed for a given level of skill development. To briefly
summarize the findings from this series, the data confirm that,
in general, the more consistent mapping practice a person
receives, the better his/her performance will be at the end of
the training. More important, the data suggest that it may be
possible to specify how to combine training such that some
training elements will benefit from the training of other
elements; hence, training time can be reduced. If a "superset"
can be formed during training (and that set can be formed
quickly), then detection of one stimulus item seems to strengthen
the entire to-be-trained set.

The second series of experiments examined transfer of
training as a function of semantic relatedness in a task
assessing performance at a subje "t’s perceptual processing
limits. Three experiments were conducted. Subjects participated
in a semantic category search task and we used an adaptive-
training, multiple-frame paradigm. This was a newly developed
paradigm that provided progressively less processing time as a
given subject increased his or her detection accuracy. The
paradigm allowed us to assess performance at a subject’s
individual perceptual processing limit. After practice on

various semantic categories, subjects attempted to detect words




which they had not been explicitly trained on but were words fron
the trained category, from a highly related category (related
relative to the trained categocry), from a moderately related
category or from an unrelated category. Semantic transfer vas
not perfect but it was impressive given that the dominant task
ccmponents were visual in nature. We found positive transfer for
the untrained exemplars from the trained category and the pattern
of performance of the other conditions was lawfully related to
the degree of sermantic relatedness. We also fcound that, for this
class of tasks at least, tne ~ore training a subject received,
the greater the semantic transfer.

The third experimental series was conducted to investigate
the transfer of autcratic component processes to compatible,
incompatible, and conflict situaticons. The issue investigated

related mostly to retraining. This investigation provided a

0n

vstematic exanmination of transfer of automatic processes to
situaticns where the fully trained automatic components were used
1n the same way, 1n an opposite manner, or in conflict with othe.
autcomatic prccesses. Subjects received extensive semantic
category search practice and then were transferred to the above-
mentioned situations. At the first session of transfer, we found
positive transfer when automatic components were used in the same
manner, and negative transfer when automatic components were used
in an opposite manner. The most striking results are from the
conflict situations. There was substantial disruption when
target stimull were uced 1n conflict with other previously

trained target stimuli. However, “here was much less disruption,




and it diminished quickly, for situations where distractor
stimuli were used in conflict with other previocusly trained
Aistractor stimuli. These data demonstrate the need to
incorporate both transfer and disruption functions when designing
training programs. The studv emphasizes the need to understand
consistent componenrts of tasks for specifying potential cenflict
situations both within the same task and for related training
tasks.

The final series of experiments examined long-term retention
relative to automatic component processes. Clearly this issue is
important because situations exist where personnel are trained
and then use the skill only when an emergency arises. Given this
kind of scenario, we need to be able to predict the mission
readiness of trainees. We also need information to predict the
timeframe and the potential need for refresher training. This
series of experiments gives us this information, at least for the
class of tasks uscl herein. 7Tn this series, we investigated very
long-term retention, retention up 180 days after training. For
that long-term retention experiment, we utilized a hybrid
memory/visual search task. We conducted two other experiments in
an attempt to more fully isolate the locus of performance decay
by examining separate retention functions for pure memory search
and for pure visual search. In the first experiment, we found
very little decay (13 percent maximum) over the 180 days. We
found that the maximum decay occurred within 30 days subsequent
to training. The component approach to understanding the decay

of skilled performance demcnstrated very little automatic,
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direct-memory-access decay. We found no decay 1n semantic
access and some decay (but minimal) in visual search processes.
We concluded that the decay occurs in the control structure such
as strategic processing or interaction among component processes.
In the following detailed account of the experimental
investigation, each section is self-contained so that the reader
interested in only some of the issues can turn immediately to the

relevant section(s).




II. EXPERIMENTAL SERIES 1: EFFECTS OF TYPE AND AMOUNT OF
CONSISTENT MAPPING PRACTICE

Introduction

Optimization of final-level performance is the goal of most
training programs designed to aid the acquisition of skilled
behavior. There are many variables, however, which affect the
ultimate success of training programs. For example, what type of

practice should be provided? How much practice? Is more

practice always better? 1Is there a point at which more practice
will not yield substantial performance improvements? Is it
better to practice on groups of similar tasks or subtasks, or is
it better to distribute practice (to some degree) across similar
components of tasks? The goal of the present series of
experiments was to begin to answer some of these questions.

Using a visual search paradigm, we investigated the
differences between consistent and inconsistent practice in terms
of the amount of overall training both between and within
subjects, as well as between and within blocks of trials. We
were interested in the effects of these variables on the
development of automatic processing, an integral component of
most skilled behavior (Logan, 1985). Automatic processing has
been investigated extensively in the memory search domain, and to
a lesser degree in the visual search domain (e.g., Schneider &
Shiffrin, 1977). We first review automatic and controlled
processing theory and the differeatial performance
characteristics that result from consistent versus inconsistent,
or variable practice. Following this review is a brief

description of a strength-based theory of the development of




automatic processing. The present series of experiments made use
of these fundamental theoretical and empirical foundations in an
effort to examine the various factors which contribute to the
success of training programs designed to improve skill
development.

Automatic and Controlled Processes

A well-documented finding in the realm of attention research
is that there are two qualitatively different types of
information processing which interact in the performance of most
complex tasks (LaBerge & Samuels, 1974; Logan, 1978, 1979, 1985,
1988a, 1988b; Posner & Snyder, 1975; Schneider, Dumais, &
Shiffrin, 1984; Schneider & Shiffrin, 1977; Shiffrin, 1988;
Shiffrin & Dumais, 1981; Shiffrin & Schneider, 1977). Following
the lead of Schneider and Shiffrin (1977), these two processes
will be referred to herein as "automatic" and "controlled"
processes.

Automatic processes are characterized as fast, parallel,
fairly effortless, and not limited by short-term memory capacity;
these processes are difficult to acquire and, once well learned,
difficult to modify. Furthermore, automatic prccesses are not
sensitive to vigilance decrements (Fisk & Schneider, 1981),
alcohol intoxication (Fisk & Schneider, 1982), fatigue (Hancock,
1984), or heat stress (Hancock & Pierce, 1984).

Controlled processes, on the other hand, are generally slow,
serial, attention-demanding, and limited by short-term memory
capacity. (For a more detailed analysis of the characteristics

of automatic and controlled processing see Fisk, Ackerman, &




Schneider, 1987; Logan, 1985; Posner & Snyder, 1975; Schneider,
Dumais, & Shiffrin, 1984; Shiffrin, 1988; Shiffrin & Dumais,
1981.)

Controlled processing components usually dominate in the
performance of novel tasks. However, if major components of the
task are consistent, performance can become automatized after
substantial practice. A central goal of training research is to
understand how, and under what conditions, performance improves.
Generally speaking, an important component of many training
programs involves training the consistent elements of a task
(Schneider, 1985a).

In their series of experiments investigating controlled
search and automatic detection, Schneider and Shiffrin (1977:
Shiffrin & Schneider, 1977) demonstrated differences in
performance as a function of whether training was consistent or
varied. The degree of consistency in the relationship between
the stimulus (or classes of stimuli) and the response
requirements has been referred to as consistent or varied
"mapping."”™ More precisely, in a consistent mapping (CM)
situation the individual always deals with (i.e., attends to or
responds to or utilizes information from) a stimulus, or class of
stimuli, in the same manner. CM training conditions result in
dramatic performance improvements (see Schneider & Shiffrin,
1977; Shiffrin & Schneider, 1977 for details), modifications in
the characteristics of event-related brain potentials (Kramer,
Schneider, Fisk, & Donchin, 1986), and the eventual development

of performance characteristics indicative of automatic




processing. Varied mapping (VM) training situations are those in
which the practice is inconsistent; that is, the response or
degree of attention devoted to the stimulus changes from one
stimulus exposure to another. VM training conditions result in
relatively little performance improvement.

Automatic Process Development

Many theories of automatic process development are based on
the modal view of a strength representation of knowledge (e.g.,
Anderson, 1982, 1983; Dumais, 1979; LaBerge & Samuels, 1974;
MacKay, 1982; Schneider, 1985b; Schneider & Detweiler, 1987,
1988; sSshiffrin & Czerwinski, 1988; but see Logan, 1988a, 1988b,
for a non-strength theory). All of these theories propose that
some increase and/or decrease in "strength" is responsible for
the development of automaticity.

The concept of strength varies among the models, but is
generally related to the role or significance of a stimulus or
set of stimuli, a rule, or a connection (e.g., between nodes).
For example, MacKay’s (1982) strength theory is based on repeated
activation, priming, reinforcement, and the resultant changes in
strength between nodes. Production system models incorporate a
conceptualization of strength associated with production rules.
Strength is increased when a rule is invoked and weakened when
application of the rule leads to error. According to Neches,
Langley, and Klahr (1987), "the strength (or weight) of a
production is a parameter that is adjusted to indicate the
system’s current confidence in the correctness and/or usefulness

of that rule" (p. 39). Finally, connection system models are all




strength-based, in that they assume that Knowledge is the
strength of connections among units of information (for a review,
see Rumelhart & McClelland, 1987).

Recently, Schneider (Schneider, 1985b; Schneider &
Detweiler, 1987, 1988) has proposed an eclectic strength model
which is a hybrid of production system and connectionist models.
According to Schneider’s connhecticnist/control model, the
development of automaticity is a function of two types of
learning mechanisms: associative and priority learning, both of
which are strength-based.

The associative learning mechanism alters the connection
weights between input and output information so that, after
sufficient training, a given input comes to evoke the associated
output. Furthermore, associative learning results in the
strengthening of connections between stimuli (e.g., members of a
category) so that activation of one stimulus results in the
activation of others.

The priority learning mechanism modifies how strongly a
given message (i.e., stimulus information) is transmitted. This
strength of transmission is defined as the "priority tag" of that
message. A key element of priority learning is that the
increment or decrement of a priority tag is based on whether or
not a message is important; that is, whether or not prior
presentation of that message produced a substantial amount of
subsequent processing. Important messages have high priority

tags and unimportant messages have low priority tags.
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It is assumed that consistent practice leads to continual
incrementing of the priority tag for target stimull (when
detected) and decrementing of the priority for distractor
stimuli. Thus, CM practice leads to a segregation of stimulil so
that stimuvli with high priority tags (consistent targets) becone
"foreground" and stimuli with very low priority tags (consistent
distractors) become "background." Within Schneider’s hybrid
connectionist model, pure automatic processing (processing
without control process assistance) 1is not possible without
sufficient priority learning. A combination of both associative
and priority learning allows stimuli to be filtered and messages
transmitted without control processing assistance; hence, stimuli
can automatically attract attention. A common example of the
presence of some stimulus or configuration of stimuli resulting
in the automatic attraction of attention is the cocktail party
phenomenon. This phenomenon is exemplified by the situation in
which a person 1s listening to one conversation amid a din of
background conversation yet attention is immediately drawn to
another conversation when the person hears his or her own name.

Support for Strength Theory

Many experiments have provided evidence in support of the
assumption that search performance is determined by the strength
of the target relative to the strength of the distractor (e.gq.,
Dumais, 1979; Prinz, 1979). On the first trial of training, it
is assumed that all stimuli have an equivalent, intermediate
strength (Dumais, 1979; Shiffrin & Czerwinski, 1988; Shiffrin &

Dumais, 1981). The strength of the stimuli is intermediate and




not zero because the stimuli are not completely novel but are
simply untrained. For example, if words or letters are used as
stimuli, they are familiar but have not been previously trained
to have a high strength level, at least within the experimental
context (Schneider & Fisk, 1984).

By definition, each time a CM target appears in the display
it is always attended and/or responded to (except, of course, in
the case of a "miss"). In this manner, the importance of a CM
stimulus is increased and thus the CM stimulus beccmes associated
with a high priority tag. After many trials of CM training, the
high priority associated with CM targets will result in these
items being transmitted without the need for serial search.
Consistent distractors, on the other hand, will have a decreased
strength level after practice because their appearance results
in either a negative response (e.g., correct rejection) or no
response at all. Therefore, CM distractors will have a very low
priority. Finally, VM stimuli maintain an intermediate strength
because on some trials they are targets and are attended to,
while on other trials they serve as distractors and must be
ignored. Conceptually, the priority tag of the VM stimuli
increases on some trials and decreases on other trials;
therefore, even after many trials of training, these stimuli will
still have an intermediate strength level.

Transfer and/or reversal of CM-trained targets and
distractors yields a pattern of results which supports strength-
based theories of perceptual learning. For example, Rabbitt,

Cumming, and Vyas (1979) found that positive transfer (i.e., no
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disruption in performance) occurs when previously trained CM
targets are paired with new distractor stimuli. According to a
strength model, this is to be expected because targets which
have been previously trained as CM targets have a higher strength
relative to the novel stimuli used as distractors in the transfer
condition. (As mentioned previously, novel stimuli have an
intermediate strength level prior to training.)

Kristofferson (1977) demonstrated that positive transfer is
also found when new targets are paired with previously trained CM
distractors. 1In this case the CM distractors have a low strength
level relative to the novel stimuli being used as targets.
Although a strength theory is not explicitly formulated by
Rabbitt or Kristcfferson, their data provide evidence for both
target learning and distractor learning in search tasks.

Dumais (1979) conducted a series of experiments explicitly
examining target and distractor strength differentiation using a
within-subjects design. She trained subjects in several CM
conditions and then investigated the effects of target transfer
(pairing trained CM targets with VM items) and distractor
transfer (pairing VM items as targets with trained CM
distractors). Positive transfer was demonstrated when either the
CM target set or the CM distractor set remained the same and was
paired with a VM set. These results demonstrated both target and
distractor learning in visual search tasks.

Further evidence for both target and distractor learning in
visual search has come from negative transfer (i.e., disruption

in performance) found in studies that reversed the role of
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targets and distractors. Included in Dumais’ (1979) experimental
series were "partial reversal" conditions. A partial reversal is
defined as a condition in which the role of either the target or
the distractor set (but not both) has been reversed within a
single condition. A target reversal involves using previously
trained CM targets as distractors and pairing them with novel
stimuli as targets. The CM stimuli, which have a high strength
level, draw attention away from the new targets and serve to
disrupt performance. Similar disruptions are found with
distractor reversals in which the CM distractors become targets
and are paired with novel items as distractors.

The strongest reversal effects, as would be expected from a
strength perspective, were found in Shiffrin and Schneider’s
(1977, Experiment 1) "full reversal" condition. They trained CM
targets and CM distractors and then reversed the roles of both
the target and distractor sets within a single condition (i.e.,
previous CM targets became distractors for previous CM
distractors, which then became the targets). Shiffrin and
Schneider found that performance in the full reversal condition
was actually worse than asymptotic VM performance. The large
amount of disruption is consistent with the theory that attention
is actually captured by the distractors and drawn away from the
targets.

Another experiment in Dumais’ (1979) series compared the
differences in disruption due to full reversal and to partial
reversals (i.e., target reversal and distractor reversal). Her

results were consistent with Shiffrin and Schneider’s in that
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full reversal yielded a strong disruption resulting in
performance which was actually worse than asymptotic VM
performance. She also found stronger disruption effects in the
full reversal condition than in either of the partial reversals.

The experiments reviewed above provide supporting evidence
that, within the visual search domain at least, subjects learn to
attend to target information through strengthening or
prioritizing that information. Furthermore, distractor
information is ignored; hence, its attention-callirg strength is
reduced or weakened. These findings provide important
information regarding the transfer of well-learned components to
situations in which the utilization of the components remains
similar (and performance is facilitated) or is reversed (and
performance is disrupted). 1In a related manner, patterns of
transfer and/or reversal allow estimation of the degree to which
the components have been learned. This theoretical and empirical
base was used in the present experimental series to investigate
the effects of practice on the learning and transfer of
components in visual search.

Qutline of Experiments

The present experimental series was designed to investigate
the effects of differential amounts of practice on the resultant
strength of the CM items. 1In the first experiment, four groups
of participants were trained for varying amounts of trials (560,
1120, 2240, or 3360 trials) in three semantic category visual
search conditions--two CM and one VM. Following training,

participants were tested in target, distractor, and full reversal
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conditions (cf. Rogers, 1989). As described above, the reversal
of well-learned components results in disruption of performance.
Thus, comparisons of the degree of disruption between the
training groups allows a comparison of the degree of original
learning.

Experiment 2 was an extension of the first experiment. a
within-subjects, within-blocks design was used in which each
participant received training in each of the following
conditions: CM High (3150 trials), CM Moderate (1575 trials), CM
Low (525 trials), and VM (1050 trials). Following training,
there were two sessions of transfer which allowed a more complete
specification of the effects of transfer and reversal of
previously acquired automatic processes of varying strengths.

The degree of disruption or transfer was measured as a function
of different recombinations of items. For example, performance
in six different target reversal conditions was measured to
compare the amount of disruption in a target reversal situation
in which the items used as distractors (i.e., previously trained
CM targets) were manipulated. The distractors were either all
highly trained CM targets, all moderately trained CM targets, all
low trained CM targets or some combination of the three.
Similarly, performance was measured for all combinations of
distractor transfer.

Experiment 3 was similar to Experiment 2 except that
training of the CM conditions was manipulated between blocks. We
were interested in examining whether or not the relatively small

differences between the CM High, CM Moderate, and CM Low
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conditions found in Experiment 2 were a function of the type of
randomized training, training which mav have allowed the
development of a superset. In other words, it may have been
possible for participants to create a superordinate category
which contained all of the CM target categories. Thus, while the
CM High category appeared most frequently as the target, the CM
Moderate, and CM Low categories may have also been activated due
to associative learning; thus, they would have benefitted from
training to a greater degree than would be expected given the
actual number of trials. This issue is explored in greater
detail later in this report.

To summarize, the goal of the present series of experiments
was to investigate the effects of the amount, type, and
presentation (i.e., randomized or blocked) of practice on a
visual search semantic category task. The focal points of
interest were the effects on the development of automaticity, the
benefits of additional training, and possible strategy
differences among training situations.

Experiment 1 - Method

Subjects. Thirty-two subjects (14 males, 18 females)
participated in the experiment. They received course credit for
up to 6 hours of participation and/or were paid $4.00 per hour
with a $1.00 per-hour bonus for completing the entire experiment.
The vision of all participants was tested using a Snellen chart
and their corrected or uncorrected visual acuity was at least

20/30 for distance and 20/40 for near (magazine print) vision.
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Stimuli and Apparatus. Memory set items were the semantic

unrelated categories (Collen, Wickens, & Daniele, 1975) of
Animals, Vegetables, Units of Time, Countries, Body Parts,
Weapons, Earth Forms, and Clothing. Target and distractor items
were high associates of the categories (Battig & Montague, 1969).
Each category consisted of eight words, each of which contained
four to seven letters. Each participant received a unique
assignment of categories for each condition; assignment was made
using a Latin square counterbalancing design.

All stimuli were presented using EPSON Equity I+
microcomputers with Epson MBM 2095-5 green monochrome monitors.
The standard Epson Q-203A keybcard was alteired so that the ’7’
4’7, and ’1’ numeric keypad keys were exchanged with the ’'T’,
‘M’, and ‘B’ keys, respectively. During all experimental
sessions, pink noise was played a approximately 55 decibels (db)
to help eliminate possibly distracting background noise. All
participants were tested in the same room at individual,
partitioned workstations monitored by a laboratory assistant.

Procedure. During the first session, participants were
given practice consisting of five blocks of CM training (250
trials). These orientation trials allowed jarticipants to become
familiar with the experimental protocol and also served to
stabilize error rates. The categories used for the orientation
trials were not used in the remainder of the experiment.

An experimental trial consisted of the following sequence of
events. A memory set item (i.e., category label) was presented

for a maximum of 20 seconds, or until the participant pressed the




space bar to initiate the remainder of the trial. Three
vertically aligned plus signs were then presented for 0.5 second
in the center of the screen to allow the participant to localize
his/her gaze. The display set appeared in the same location as
the plus signs and consisted of three category words presented in
a column. The subject’s task was to indicate the location of the
target (top, middle, or bottom) by pressing the corresponding key
labeled ‘T’, 'M’, or ‘B’. A target {(i.e., an exemplar from the
target category) was present on every trial.

Participants received the following performance feedback.
After each correct trial, the response time (RT) was displayed 1in
hundredths of a second. After each incorrect trial, an error
tone socunded and the correct response was displayed. Following
each blcck of 42 trials, the subject’s average RT and percent
accuracy for that bleock were displayed. If a subject’s mean
accuracy for a block fell below 90%, a warning message was
displayed which encouraged him/her to respond more carefully.
Participants were encouraged to maintain an accuracy rate of 95%
while responding as gquickly as possible. Participants were also
encouraged to taxke snort breaks between blocks. BRefore each
session, participants were given feedback on the previous day’s
performance.

Design. There were two phases of the experiment: training
and transfer. The three training cecnditions were: CM1 - A(B);
CM2 - C(D): and VM - EFGH(EFGH) [where, for example, the
representation A(B) refers to Target Set A displayed with

Distractor Set B]. Within each session, participants completed




seven blocks of each training condition. The order of
presentation was as follows: CM1, CM2, VM. This sequence was
repeated seven times, for a total of 21 blocks (42 trials per
block) .

The number of training sessions was manipulated between
subjects. There were four groups: the l2-session group received
3360 trials per training condition, the 8-session group received
2240 trials per training condition, the 4-session group received
1120 trials per training condition, and the 2-session group
received 560 trials per training condition. Eight participants
were assigned to each of the four training groups.

After training, participants were placed in the transfer
phase of the experiment. At the beginning of the transfer phase,
participants were informed that the experimental conditions were
going to change and that subsequent categories would appear in
different pairings. They were also instructed to maintain their
accuracy rates at 95% and to continue to try to respond as
quickly as possible. The testing procedure used in the transfer
phase of the experiment was identical to the procedure used in
the training phase. The transfer session contained 20 blocks (5
per condition) of 42 trials each. Each participant completed 210
trials per condition, for a total of 840 transfer trials. The
transfer conditions were: Full Reversal - B(A); Target Reversal -
E(C); Distractor Reversal - D(F); and New CM - G(H).

In the reversal conditions, the roles of the targets and/or
distractors were changed. In the full reversal condition both

the CM target and CM distractor roles were reversed within a
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single condition [i.e., A(B) became B(A)] whereas in the partial
reversal conditions (Target Reversal and Distractor Reversal) the
role of either a CM target set or a CM distractor set was changed
and each was paired with a previously trained VM set [e.g., in
the target reversal condition, C(D) becomes E(C)]. In the New CM
condition, two of the VM categories were paired to create a new
consistently mapped condition to be used as a comparison
condition. All transfer conditions were manipulated within
subjects and presentation order of the conditions was randomized.
The training conditions and the corresponding transfer conditions
are summarized in Table 1.

The between-subjects independent variable was the amount of
training provided: 12 sessions (3360 trials per condition), 8
sessions (2240 trials per condition), 4 sessions (1120 trials per
condition), or 2 sessions (560 trials per condition). The
within-subjects independent variables were: (a) Training
condition (CM1, CM2, and VM); and (b) Transfer condition (Full
Reversal, Target Reversal, Distractor Reversal, and New CM). The
dependent variables were reaction time (RT) and accuracy.
Experiment 1 - Results

Training Results. Mean RT scores for each search condition
for each training group as a function of practice are presented
in Figure 1. An analysis of variance (ANOVA) for the first
session of training yielded no significant differences among the
four training groups. This was an important finding because it
allows us to assume that all the training groups started at an

equal level of performance. The main effect of Training
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Table 1. Training and Transfer conditions

Training Reversal
A (B) ---> B(A) - Full Reversal
C (D) =-=--> E(C) - TarqgzlL Reversal
—_—— D(T) - Distractor Reversal
EFGH (EFGH) - --> G{(H) - New CM

NOTE: The :epresentation A(B), for example,
refers to Target Set A displayed with

Distractor Set B.
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condition was significant, F(2,56) = 46.28, p < .0001. The
source of this effect was the fact that even after fewer than 300
trials, response times for the CM conditions were faster than
those for the VM condition.

A Training condition (CM1, CM2, or VM) x Practice (Sessions
1 through 7) ANOVA was conducted for each of the four training
groups (see Table 2). Each group showed significant performance
improvements (as evidenced by the Practice main effects) as well
as differences between CM and VM (as evidenced by significant
Training Condition effects). Furthermore, for the training
groups who received 12, 8, or 4 sessions of practice, the
Training Condition x Practice interaction was significant. This
interaction represented the differential rates of improvement for
CM and VM (with CM, of course, improving to a greater degree).
The fact that the 2-session training group did not show a
significant Training Condition x Practice interaction was
important, as it suggested that both the CM and VM conditions
were improving at the same rate. This implied that more than 560
trials of training may be necessary before there is evidence of
differential improvements between CM and VM. 1In other words,
improvements early in training may be in a large part due to
task-specific learning such as the location of the response keys,
where to look on the screen, etc.

In order to measure the amount of improvement in performance
due to training, we calculated the percent improvemert for each
participant ((First session RT - Last session RT) / First session

RT) X 100. The aggregates of these functions are presented in
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Table 2. Training Condition (CM1, CM2, or VM) x Practice
(Sessions 1 through 7) Analysis of Variance

Training Training Training condition
group condition Practice X _Practice

12-session  F(2,14)=13.51% F(11,77)=36.47" F(22,154)=2.67"
8-session  F(2,14)=27.25% F(7,49)=17.71% F(14,98)=3.73*
4-session  F(2,14)=19.27% F(3,21)=66.51* [F(6,42)=3.28"

2-session  F(2,14)=13.78% F(1,7)=13.78% Not significant

*Q<.01
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Table 3. The average accuracy rate for the first session was 96%
(range 94%-97%) and for the final session, 95% (range 93%-96%).
For the purposes of this discussion, we will focus mainly on RT
scores. These data were commensurate with the ANOVA results
reported above: Namely, there was greater improvement in CM than
in VM for the 12-session, 8-session, and 4-session groups.
Furthermore, averaged across the two CM conditions, Student-
Newman-Keuls comparisons showed that the 12-session group
improved the most (25%), followed by the 8-session and 4-session
groups which did not differ significantly (20% and 18%,
respectively); the 2-session group improved the least (12%).

To summarize the training results, we can focus on several
emergent patterns. First, as expected, CM practice produces
generally faster performance than VM practice. However, given
the fact that the 2-session training group showed no Practice x
Training condition interaction, differential improvement rates
for CM relative to VM may not be evident very early in training.
This is not surprising given that, early in training, both CM and
VM tasks are dominated by controlled processing. The second
general pattern of training results demonstrates that more
practice is beneficial, in that the 4-, 8-, and 12-session groups
all showed performance superior to that of the 2-session group:;
however, after practice, performance in the 4-, 8-, and 12-
session groups was not significantly different. The possibility
that 4 sessions of training provide benefits equivalent to those

produced by 12 sessions is explored in the following section.
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Table 3. Improvement in RT with Practice (Difference
between first and last sessions of training)

Training condition

Training group cMl CM2 VM
12-session 26% 24% 17%
8-session 21% 20% 11%
4-session 20% 16% 10%
2-session 8% 11% 9%
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Transfer Results. The main point of interest here was the
effects on performance of reversing either the targets or the
distractors or both. We measured the degree of disruption in two
ways. First, within each training group, we compared performance
in the Target Reversal, Distractor Reversal, and Full Reversal
conditions to the New CM control condition, using planned
comparisons. Typically previous research has demonstrated that
the target reversal and distractor reversal conditions yield
performance which is equivalent a new CM condition, thereby
implying a reversion to controlled processing. In the present
experiment all four training groups yielded this pattern; that
is, the differences between Target Reversal, Distractor Reversal,
and New CM were not significant. Research has demonstrated that

the largest reversal effects occur in the Full Reversal condition

such that performance is worse than that for New CM (cf. Shiffrin
& Schneider, 1977). In the present experiment, the comparisons
of Full Reversal to New CM were significant for the l1l2-session
and 8-session training groups, F(1,21) = 20.69, p < .0002 and
F(1,21) = 8.91, p < .007, respectively. For the 4-session group,
the difference between Full Reversal and New CM was marginally
significant, F(1,21) = 3.69, p < .068. The contrast was not
significant for the 2-session group (F < 1).

As pointed out earlier, the amount of disruption in reversal
conditions is an indicator of the degree of original learning.
The present pattern of reversal effects supports earlier claims

that, to some degree, more practice is better. The 2-session

group showed the least amount of disruption, which was indicative
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of the least amount of original learning. The l1l2-session and 8-
session groups displayed the strongest effects and the 4-session
group demonstrated a slightly weaker effect.

A second measure of the amount of performance disruption due
to reversal was obtained by calculating the difference between
final CM training performance and each of the reversal scores
(i.e., {[CMl-Target Reversal]/ CM1l} * 100 yields the percentage
of change in performance due to Target Reversal). These data are
presented in Table 4. The pattern of disruption corresponded to
the results of the RT analysis reported above. The Full Reversal
condition showed the most disruption and the amount of disruption
decreased as the amount of original training decreased.
Experiment 1 - Discussion

In general, the results of the present experiment suggest
that more practice is better. However, several caveats must
accompany this statement. First of all, more practice is better
only if the role of the trained components will not be reversed
at some point following training. As we demonstrated, well-
learned components do yield superior performance; however, they
are also more difficult to "unlearn" if necessary (see Section IV
of this report). A second caveat is related to the question of
how much more is better. Clearly, the participants in the 2-
session group did not show much benefit from the amount of
trairing they received (see Table 3). 1In fact, for this group
the mean improvement for the CM conditions (10%) was hardly
better than the general improvement for the VM training condition

(9%). It is also evident that although the 12-session group did
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Table 4. Percent of Disruption in RT for Each Reversal Condition

Relative to the CM Training Condition (CM RT-Reversal RT / CM RT)

Reversal condition

Training group Target Rev. Distractor Rev. Full Rev.
l2-sessions 20% 30% 46%
8-sessions 22% 28% 36%
4-sessions 20% 19% 25%
2-sessions 6% 9% 13%
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show significant improvement (as evidenced by both improvement
functions and reversal patterns), it is not clear that they
benefitted much more than did the 8-session group.

Finally, there is another issue which cannot be directly
addressed by the present experiment. This relates to the
potential benefit of providing general training on related tasks
for producing improvement in overall performance. The between-
subjects design of the present experiment, in effect, confounded
amount of time on task with practice per condition. In
Experiment 2, we addressed the issue of component-specific
training versus general training time.

Randomized vs. Blocked Practice. Recently, Carlson,
Sullivan, and Schneider (1989) reported the results of an
experiment investigating the acquisition of skill in making logic
gate judgments based on a series of rules. Participants were
initially provided with blocked practice in which rules were
learned one at a time (see also Carlson & Yuare, 1988).
Participants then practiced with the same rules mixed together
within blocks of trials. There was a large decrement in
performance in the transition from blocked practice on each rule
(i.e., logic gate) to practice in which the rules were randomized
within blocks. Carlson et al. (1989; and Anderson, 1989, in his
comment on the paper) suggested that in the blocked practice,
participants need only to establish associations between possible
input patterns and output values without first identifying the
gate type (i.e., they can use a single-step associative process),

but that in randomized practice, the participants may have to use
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a serial judgment process due to the need to first identify the
gate type.

The Carlson et al. (1989) results suggest that perhaps the
benefits of blocked practice may not carry over to a situation
which involves the randomization of trials. Related to this
point is the question of whether between-block manipulations
allow (or require) different strategies of performance than
within-block manipulations. A slight variation of this issue was
investigated in the following two experiments. The chief
manipulation was the amount of practice provided for each CM
condition. An additional manipulation involved whether all of
the conditions were combined in a block of trials or instead were
presented in pure unmixed blocks. To illustrate the distinction,
in Experiment 2 each block contained 50 trials: 30 trials of the
CM High condition, 15 trials of the CM Moderate condition, and 5
trials of the CM Low condition (the trials were randomly
intermixed). 1In this situation, it might be possible for the
participants to create a superordinate category which contains
all of the CM target categories. Thus, though the CM High
category would appear most frequently as the target, the CM
Moderate and CM Low categories might also be activated due to
associative learning. In Experiment 3, the training conditions
were presented in separate blocks of 40 trials. Thus an entire
block consisting of the CM High category might be followed by a
block of the CM Moderate category and then by a block of the CM
Low category. (The actual order of presentation was random.) 1In

order to provide the requisite number of training trials for each
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of the conditions, the number of blocks was manipulated. In this
situation, the opportunity to create a superordinate category is
not present.

Also manipulated in Experiments 2 and 3 were the effects of
different recombinations of components on performance. That is,
there were two transfer sessions in which previously trained
components were paired either in target reversal conditions or in
distractor transfer conditions. For example, one target reversal
condition might consist of a former highly trained CM category as
one distractor, as well as a former moderately trained CM
category as another distractor. All such combinations were
included in an effort to specify more precisely the effects of
differential training of task components in various transfer
situations.

Experiment 2 - Method

Subjects. Fourteen new subjects (7 male, 7 females)
participated in the experiment. The participants were
compensated monetarily for their participation: $4.00 per hour,
with a $1.00~-per-hour bonus for completing the entire experiment.
The vision of all participants was tested using a Snellen chart
and their corrected or uncorrected visual acuity was at least
20/30 for distance and 20/40 for near (magazine print) vision.

Stimuli. Memory set items were the semantically unrelated
categories (Collen et al., 1975) of Furniture, Vegetables,
Musical Instruments, Four-Footed Animals, Alccholic Beverages,
Building Parts, Weapons, Earth Formations, Units of Time,

Occupations, Body Parts, Relatives, Vehicles, Countries, Trees,
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and Clothing. Target and distractor items were high associates
of these categories (Battig & Montague, 1969). Each category set
contained eight words. Each participant received a unique
assignment of categories for each condition, counterbalanced by a
Latin square.

Apparatus. The apparatus was identical to that of
Experiment 1.

Procedure. During the first session of the experiment, the
participants completed a practice session of the experimental
task. The practice session consisted of five blocks of CM trials
(50 trials per block). These orientation trials allowed the
participants to become familiar with the experimental protocol .
and also served to stabilize the error rates. The categories
used for the practice trials were not used in the remainder of
the experiment.

An individual trial consisted of the following sequence of
events. The participant was presented with the memory set of one
category label, which he/she was allowed to study for a maximum
of 20 seconds. Participants were instructed to press the space
bar to initiate the trial. Three plus signs were then presented
in a column for 0.5 second in the location of the display set (in
the center of the screen) to allow the participant to localize
his/her gaze. The plus signs were followed by the display set,
which consisted of three words presented in a column. The
subject’s task was to indicate the location of the target (i.e.,

top, middle, or bottom) by pressing the corresponding key
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(labeled ’‘T’, ’‘M’, or ’B’). A target (i.e., an exemplar from the
target category) was present on every trial.

Participaints received the following performance fecdback.
After each correct trial, the subject’s RT was displayed in
hundredths of a second. After each incorrect trial, an error
tone sounded and the correct response was displayed. Following
each block of trials, the participant received his/her average RT
and percent accuracy for that block; if a subject’s accuracy fell
below 90% in any block, a message was displayed encouraging
him/her to respond more carefully. Participants were instructed
to maintain an accuracy rate of 95% or better while responding as
quickly as possible. After each block of trials, participants
were encouraged to take a short break to rest their eyes.

There were two phases of the experiment: training and
testing. The training phase consisted cf four conditions: (a) CM
High - 3150 trials, (b) CM Moderate - 1575 trials, (c) CM Low -
525 trials, and (d) VM ~ 1050 trials. The participants were
trained for seven l-hour sessions, each of which consisted of 15
blocks of CM training (50 trials per block - 30, 15, and 5 trials
for each of the CM conditions, respectively, which were presented
in a random order) and five blocks of VM training (30 trials per
block). Three CM blocks were presented, followed by one block of
VM:; this sequence was then repeated four more times to complete a
session.

The testing phase of the experiment consisted of two
sessions: one session of Target Reversal conditions and one

session of Distractor Transfer conditions. In the Target
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Reversal (TR) conditions, previously trained VM sets were used as
target items and the types of distractors (i.e., previously CM
High, Moderate, or Low trained target items) were manipulated.
The conditions were as follows:

1. High/High Target Reversal - both distractor items on a
trial were previously CM High targets.

2. Moderate/Moderate Target Reversal - both distractor
items on a trial were previously CM Moderate targets.

3. Low/Low Target Reversal - both distractor items on a
trial were previously CM Low targets.

4. High/Moderate Target Reversal - one distractor item
was previously a CM High target and the other was
previously a CM Moderate target.

5. High/Low Target Reversal - one distractor item was
previously a CM High target and the other was
previously a CM Low target.

6. Moderate/Low Target Reversal - one distractor item was
previously a CM Moderate target and the other was
previously a CM Low target.

7. New CM condition - created by pairing two of the VM
sets in a consistent mapping.

The New CM condition served as a comparison condition. The
six target reversal conditions were manipulated within a block
and the New CM condition was presented in a separate block.
Three blocks of Target Reversal were completed, followed by one
block of the New CM condition; a single session consisted of five

repetitions of this sequence. Participants completed 15 blocks
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(60 trials per block), for a total of 150 trials for each of the
six target reversal conditions and 5 blocks (30 trials per block)
for the New CM condition.

In the Distractor Transfer (DT) conditions, previously
trained VM sets were used as target items and the types of
distractors (i.e., previously CM High, Moderate, or Low trained

distractor items) were manipulated. The conditions were as

follows:

1. High/High Distractor Transfer -~ both distractor items
on a trial were previously CM High distractors.

2. Moderate/Moderate Distractor Transfer - both
distractor items on a trial were previously CM
Moderate distractors.

3. Low/Low Distractor Transfer - both distractor items on
a trial were previously CM Low distractors.

4. High/Moderate Distractor Transfer - one distractor
item was previously a CM High distractor item and the
other was previously a CM Moderate distractor.

5. High/Low Distractor Transfer - one distractor item was
previously a CM High distractor item and the other was
previously a CM Low distractor.

6. Moderate/Low Distractor Transfer -~ one distractor item
was previously a CM Moderate distractor item and the
other was previously a CM Low distractor.

7. New CM condition - created by pairing two of the VM

sets in a consistent mapping.
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The New CM condition was included as a comparison condition.
The six Distractor Reversal conditions were manipulated within a
block and the New CM condition was presented in a separate block.
Three blocks of Distractor Reversal were completed, followed by
one block of the New CM condition; a single session consisted of
five repetitions of this sequence. Participants completed 15
blocks (60 trials per block), for a total of 150 trials per
Distractor Reversal condition and 5 blocks (30 trials per block)
of the New CM.

Design. Within-subjects independent variables were: (a)
Training conditions: CM High, CM Moderate, CM Low, and VM; (b)
Target Reversal conditions: High/High Target Reversal,
Moderate/Moderate Target Reversal, Low/Low Target Reversal,
High/Moderate Target Reversal, High/Low Target Reversal,
Moderate/Low Target Reversal, and New CM; and (c) Distractor
Transfer conditions: High/High Distractor Transfer,
Moderate/Moderate Distractor Transfer, Low/Low Distractor
Transfer, High/Moderate Distractor Transfer, High/Low Distractor
Transfer, Moderate/Low Distractor Transfer, and New CM. The CM,
Target Reversal, and Distractor Transfer conditions were
manipulated within blocks whereas VM and New CM were manipulated
between blocks. The dependent variables were RT and accuracy.
Experiment 2 - Results

Training Results. An ANOVA was performed on the RT scores
for the first session of training. There was a significant

effect of Training condition, F(3,39) = 6.42, p < .0012.

Contrasts between the Training conditions revealed that the CM




High, CM Moderate, and CM Low condition were all significantly
different from VM, F(1,39) = 18.38, p < .001, but they did not
differ significantly from each other.

An ANOVA was also computed for the last session of training.
Again, there was a significant effect of Training condition,
F(3,39) = 25, p < .001. However, the source of this effect was
not entirely due to differences between the CM and VM conditions.
A Student-Newman-Keuls test of comparisons at the .05 level
revealed that although all of the CM conditions were
significantly different from the VM condition, both the CM High
and CM Moderate conditions resulted in significantly faster
performance than the CM Low condition, but were not significantly
different from each other.

The fact that the CM conditions were equivalent during the
first session but significantly different after training suggests
that the CM training conditions improved differentially (see
Table 5 for the mean percentages of improvement). This was
confirmed by the Training condition x Practice ANOVA. As
expected, when the analysis was run with all of the training
conditions included there were significant main effects of
Training condition, F(3,39) = 21.13, p < .0001, and Practice,
F(6,78) = 50.81, p < .0001, as well as a significant Training
condition x Practice interaction, F(18,234) = 3.56, p < .0001.

It is noteworthy that the Training condition x Practice
interaction remained significant even when the analysis was run

without the VM condition, F(12,156) = 2.25, p < .01. This
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Table 5. Improvement in RT with Practice

Training condition

CM_High CM Moderate CM Low VM
Beginning RT 744 740 755 810
Ending RT 568 585 614 700
% Change 24% 21% 19% 14%
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supports the contention that there were differential rates of
improvement among the CM training conditions.

A Training condition x Practice ANOVA on the accuracy data

vielded significant main effects of Training condition, F(6,78) =
2.47, p < .03, and Practice, F(3,39) = 7.79, p < .0003, but the
interaction was not significant. The average accuracy for the CM
conditions was 95%, which was slightly better than the VM
condition (93%). Furthermore, there was a slight decrease in
accuracy across sessions from 95% to 94%.

Target Reversal. An ANOVA conducted on the RT data yielded

a significant effect of Transfer condition, F(6,78) = 3.78, p <
.003. Further probing with a Student-Newman-Keuls test showed
that all of the reversal conditions were significantly slower
than the New CM condition but not significantly different from
each other. Thus, regardless of the pairings of the items, if
former CM targets (whether High, Moderate or Low trained) were
used as distractors, they were disruptive to performance. In
other words, the participants were unable to ignore the
previously attended items. The accuracy scores ranged from 92%
to 95%, but there were no clearly meaningful patterns of
differences among the conditions.

Distractor Transfer. An analysis of variance of the RT data

for the Distractor Transfer session also yielded a significant
effect of Transfer condition, F(6,78) = 3.13, p < .0084. The
Student-Newman-Keuls test of these data revealed that all of the
transfer conditions showed significantly faster performance than

the New CM condition but were not significantly different from
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each other. The accuracy scores ranged from 92% to 94%, and
there were no significant differences among the conditions.

These results suggested that participants did benefit from having
ignored the distractor items previously, and that they were able
to transfer to new target items while maintaining their level of
performance.

Experiment 2 - Discussion

The training results are typical in that response times in
the CM conditions were faster than those in the VM condition.
This was true even for the CM Low condition, which received only
525 trials. Furthermore, the results showed that the CM High
(3150 trials) and CM Moderate (1575 trials) conditions were

relatively equivalent, but they were both better tha- the CM Low

condition. Thus, it is again evident that at least to some
extent, more practice results in better, or at least faster,
performance.

However, the patterns of Target Reversal and Distractor
Transfer tell a somewhat different story. The Target Reversal
conditions, which involved the reversal of CM Low items, yielded
an amount of disruption equivalent to those involving the
reversal of CM High items. This pattern would not be expected if
in fact the CM High items were learned to a greater degree. It
was possible in this experiment, however, for participants to
form a superset of the CM categories because they were trained in
a within-block design. Thus, the CM Low items may have been
activated to a greater degree simply due to the associative

learning that generally takes place during CM training. This
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possibility was explored in the following experiment in which the
opportunity to form a superset was removed (i.e., the conditions
were trained in separate blocks).

Experiment 3 - Method

Subjects. Seven new subjects (5 males, 2 females)
participated in the third experiment. Participants received
course credit for up to 6 hours of participation and/or $4.00 per
hour, with a $1.00 per-hour bonus upon completion of the
entire experiment. The vision of all participants was tested
using a Snellen chart, and their corrected or uncorrected visual
acuity was at least 20/30 for distance and 20/40 for near
(magazine print) vision.

Stimuli and Apparatus. The stimuli and apparatus were

identical to those of Experiment 2.

Procedure. The procedure for individual trial presentation
and feedback was identical to that of Experiment 2. The major
aifference from Experiment 2 was the manipulation of training
conditions; in Experiment 2, the conditions were manipulated
within blocks whereas conditions in the present experiment
were manipulated between blocks. There were two phases of the
experiment: training and testing, The training phase consisted
of four conditions: (a) CM High - 3360 trials, (b) CM Moderate -
1,680 trials, (c) CM Low - 560 trials, and (d) VM - 1,120 trials.
The participants were trained for seven 1l-hour sessions, each of
which consisted of 24 blocks (40 trials per block): 12 blocks of

CM High, 6 blocks of CM Moderate, 2 blocks of CM Low, and 4
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blocks of VM. The order of presentation of the blocks was
randomized.

The testing phase of the experiment was the same as that
used in Experiment 2, with the following exception. Four blocks
(48 trials) of each transfer condition (target reversals in the
first transfer session and distractor transfers in the second
transfer session) were presented, followed by a block of the New
CM condition (32 trials). Five repetitions of the sequence made
up each of the transfer sessions.

Experiment 3 - Results

Training Results. An ANOVA was performed on the RT scores
for the first session of training. There was a significant
effect of Training condition, F(3,18) = 4.42, p < .017. The
Student-Newman-Keuls comparisons revealed that the CM High, CM
Moderate, and CM Low conditions were all significantly different
from VM but did not differ significantly from each other.

An ANOVA was also performed on data from the final session
of training (see Table 6). Again, there was a significant effect
of Training condition, F(3,39) = 25, p < .001. The source of
this effect was entirely due to differences between the CM and VM

conditions.

General Discussion - Experimental Series 1

The present series of experiments was designed to answer a
critical question for training programs: How much practice is
necessary and in what form should it be in order to maximize
learning? Not surprisingly, we found that, generally speaking,

more practice is better. However, several caveats must accompany
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Table 6. Improvement in RT with Practice

Training condition

CM High CM Mcderate CM Low VM
Beginning RT 732 779 739 878
Ending RT 576 583 610 696
% Change 21% 25% 18% 21%




such a statement. First of all, in the process of using reversal
conditions to measure learning, we discovered that the pattern of
disruption effects also demonstrated that overtraining components
of a task will disrupt performance if the role of these
components changes (cf. Dumais, 1979; Fisk & Rogers, 1988; Lee,
Rogers, & Fisk, in press).

A second finding evident in the present data was that
although 1,000 trials were better than 500 trials, and 3,000
trials were better than 2,000 trials, 2,000 trials were not
necessarily better than 1,000 tria.s. These apparently discrepant
findings may be reconciled if one views the transition from
novice to skilled performance or controlled to automatic
processing as passing through several stages. Fitts and Posner
(1967), for example, referred to this transition as moving from
cogn tive to associative to autcnomous information processing.
Similarly, Anderson (1982, 1983), in his production system model,
described the stages of transition as the declarative stage, the
knowledge compilation stage, and the procedural stage. Recently,
Schneider and Detweiler (1987) further specified the transitions
of controlled to autcmatic processing. They described five
phases: Phase 1 - controlled comparisons fromn buffered memory:
Phase 2 - context-maintained controlled comparison; Phase 3 -
goal-state-maintained control comparison; Phase 4 - controlled
assist of automatic processing; and Phase 5 - pure automatic
processing.

It is ccnceivable, therefore, that differences in

performance after differing amounts of practice simply imply that




the individual is in a stage of transition from controlled to
automatic processing. Thus, for example, in Experiment 1, the
participants in the 4-session and 8-session training groups may
have been performing the task at adjacent stages of processing
and thus differences between them were not detected in the simple
RT comparisons. However, in terms of reversal effects, the 8-
session group did show more severe disruption, thus signifying
somewhat greater improvement for that group.

The purpose of discussing the transition from controlled to
automatic processing is to illustrate that more consistent
practice may be a key contributor to the progression from one
stage of information processing to another. 1In light of this,
the results of Experiment 2 might seem surprising. Why was there
no significant difference between performance in the CM High
(3,150 trials) and CM Moderate (1,575) training groups? 1In that
experiment, the training for each of the conditions was
randomized within blocks. We have speculated that this form of
practice allows the Low and Moderate conditions to benefit from
the frequent occurrence of the High category due to associative
learning. In CM practice situations, memory-set items are
associatively connected to form a superset. After practice, the
activation of one member of the set results in the associative
activation of the other members, thus strengthening them (i.e.,
increasing their priority level).

The possibility that supersets may be formed during
randomized within-block presentation of conditions has exciting

implications for training programs. Suppose, for example, thatu
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one wishes to train participants to detect a series of movement
patterns or to learn groups of symbols which have no apparent
relationship (recall that in the present experiments the
categories were not related). By providing within-block
training, one can capitalize on the fact that associative
learning between memory-set items generally takes place early in
CM training. Thus, a large amount of training need not be
required for each and every stimulus but only for the superset as
a whole. Associative learning may allow all members of a
superset to benefit from practice on any of the members. For
pure visual search, it is likely that some base amount of
practice will be necessary on each of the exemplars for the
purposes of feature differentiation and identification.

This is one of several avenues of future investigation in
this area. Other topics of interest will be a more precise
specification of the time course of acsociative learning and
priority learning, and designation of the processes of
associative activation. Whether or not associative activation
will be sufficient to increase or decrease the priority tag of a
stimulus or class of stimuli is open to investigation. More
than likely, associative activation will be necessary but not
sufficient and some level of direct activation will be
required, This provides a third avenue for exploration. The
present results indicate that perhaps the overall amount of
practice necessary to reap maximum benefits might be reduced by
"packing" training and allowing associative learning to spread
across the members of a superset which may be defined by the

trainer.
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III. EXPERIMENTAL SERIES 2: TRANSFER OF TRAINING AS A FUNCTION OF
SEMANTIC RELATEDNESS IN A CATEGORY SEARCH TASK

Introduction

For the better part of this century, transfer of training
was one of the most heavily studied phenomena within psychology
(e.g., Briggs, 1969; Bruce, 1933; Osgood, 1949; Thorndike &
Woodworth, 190la, 1901b, 190l1c). With the ascent of cognitive
psychology, interest in this important topic waned; recently,
however, interest in transfer of training issues seems to have
made a comeback (e.g., Cormier, 1987; Gick & Holyoak, 1987; Gray
& Orasanu, 1987; Schneider & Fisk, 1984).

A key issue in the area of training involves determining
how, after extensive training in performance of a task, people
perform when faced with a novel, but related task. The present
investigation examined this issue by testing the transfer of
highly trained, automatized components of a semantic category
search task to components of varying degrees of relatedness.
From a training perspective, this issue is critical to many real-
world "high performance" skills (Schneider, 1985a). Consider,
for example, learning symbology, radio transmission calls or
tactical formations from the perspective of an air weapons
controller. Clearly, what is learned in one situation during
training (particularly in radio transmission and tactical
formations) may not repeat itself exactly in real missions.
However, the class or category of events learned by the air
weapons controller is generally consistent (or at least related

to some degree) across situations.
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In order to examine how training on high performance skills
is transferred to novel but related tasks, an analysis of which
performance characteristics change as skill develops is needed.
As a result of investigations based on automaticity theory by
Fisk and his colleagues, a picture of these changes is emerging.
These contributions of automaticity theory to the areas of
training and skill acquisition are well documented (e.g., Fisk &
Eboch, 1987; Fisk & Lloyd, 1988; Myers & Fisk, 1987; Schneider,
1985a).

Performance characterized as "expert" or "skilled" develops
only under CM conditions. However, in a real-world setting,
complex tasks demanding high levels of skill are dependent on
both controlled and automatic processing. Understanding the
development and the maintenance of skilled performance requires
analysis of the task in terms of the component processes that
drive performance. Such an analysis is essential to the
identification of those component processes which are
transferrable to different but related tasks.

It is known that automatic processing can transfer across
some situations. Within-category transfer of training effects,
for example, have been demonstrated in memory search tasks
(Schneider & Fisk, 1984). There is substantial evidence that nost
characteristics of automatic processes are well described as
memory phenomena (Fisk & Rogers, 1988; Logan, 1988a, 1988b:
Schneider & Fisk, 1984). Also, it is clear that high performance
skill learning need not take place at the specific individual

stimulus level (e.g., Fisk & Lloyd, 1988; Fisk, Oransky, &
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Skedsvold, 1988; Myers & Fisk, 1987). However, the degree to
which the characteristics of highly trained, automatic processes
seen in memory search will be exhibited in visual search tasks
has not been well established. Therefore, the present series of
experiments was conducted to test the limits of transfer effects
and "levels of learning" for various task requirements in visual
search. Understanding performance and transfer effects in visual
search tasks is important because many real-world, high
performance skills rely heavily on a visual search component.

At a theoretical level, this investigation was designed to
extend understanding of automatic processing by examining
transfer of training on a semantic category search task. At a
practical level, the results of this study will contribute data
which instructional system designers could use in developing
training programs.

Experiment 1 - Method

Subijects. Six right-handed psvchology graduate students (5
males, and 1 female) from the Georgia Institute of Technology
volunteered to participate in the study. Participants were tested
for visual acuity of at least 20/30 (uncorrected or corrected)
and near vision of at least 20/40. Participants were paid for
their time.

Equipment. Epson Equity I+ microcomputers equipped with
Epson MBM-2095-E monochrome monitors (green phosphor, 50-Hz
refresh rate) and Epson multimode graphics adapters were used to
present the task. The microcomputers were programmed with

Psychological Software Tools’ Microcomputer Experimental Language
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(MEL) to present and time stimulus displays and to record
response behavior.

There were five experimental stations. Each station
consisted of three sound-deadening panels which formed a booth.
A desktop on which a single microcomputer was placed was located
within this booth. Each booth contained two speakers through
which pink noise was played at a sound level of approximately 55
dB. Therefore, sounds external to an individual’s booth were
masked and participants could not see each other.

Stimuli. All categories and exemplars were from Battig and
Montague’s (1969) semantic category norms and were chosen
according to the following criteria: (a) degree of semantic
relatedness among categories (as determined by Collen et al.,
1975), (b) exemplar length between four and seven letters, and
(c) target exemplars of high to moderately high production
frequency (high item dominance) ranking (Battig & Montague,
1969) .

During training, participants searched for target words
(eight exemplars from a single category) against a background of
distractor words (exemplars from six categories semantically
unrelated to the target categories). During transfer, four new
target categories were presented (six exemplars per category), as
well as six new exemplars from the category on which participants
trained. Also, to avoid confounding of distractor learning
(Dumais, 1979; Kristofferson, 1977; Rogers, 1989), 48 exemplars
from six new distractor categories were used during the transfer

sessions. (Please see Appendix A for a complete listing of
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categories, along with their exemplars, and Appendix B for the
percentage of relaticnship among target categories.)

All words were presented in uppercase letters. Participants
were seated approximately 48 centimeters (cm) from the display.
At that viewing distance, the average letter subtended 0.38
degree in width and 0.47 degree in height. Within a word,
interletter separation was 0.19 degree.

Procedure. In order to test performance at the limits of
each individual’s visual search capacity, we developed an
adaptive version of the "multiple-frame" detection task for the
training phase of this experiment. This task was based upon
multiple-frame tasks used typically in the visual
search/detection literature (e.qg., Schneider & Shiffrin, 1977;
Sperling, Budiansky, Spivak, & Johnson, 1971). However, in our
version of the task, frame time (the time from the onset of one
display until the onset of the next display) is determined by
each individual’s visual search accuracy. As accuracy changes,
so will frame time. Although conceptually simple, the task is
quite demanding. The procedure avoids some of the controversies
associated with reaction time studies (e.g., speed-accuracy trade-
offs).

All participants began the experiment at the same "speed,"
with frame time equal to 700 milliseconds (ms). From that point
until the final block of the final session of training, each
individual’s performance (as measured by accuracy criteria)
determined the frame speed for subsequent blocks. If a

participant’s accuracy on any block was equal to or better than
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80% correct (24 correct out of a total of 30 trials), frame time
on the next block was decreased by 25 ms. If accuracy fell below
80% (i.e., below 23 correct responses), frame time on the next
block was increased by 25 ms. Accuracy on the final block of any
training session determined the initial frame time on the first
block of the subsequent training session. During transfer the
frame time was held constant across all blocks. The frame tinme
was determined by using the frame time from the last block of the
final training session on which the accuracy criterion was
attained (i.e., at least 80% correct). Thus, frame time was held
constant during transfer and accuracy was the dependent measure.

A representation of a single, multiple-frame trial is
provided in Figure 2. At the beginning of each trial,
participants studied a memory set (a single semantic category)
for a maximum of 20 seconds. Once the individual encoded the
set, he or she initiated presentation of the frames by pressing
the space bar. As the name implies, the frame was the main
element of this procedure. A frame consisted of two displays
presented sequeantiaily. ‘he first display consisted of the
display set, which contained three semantic category exemplars
displayed in a column through which the participant was to
search. The second display contained a visual mask consisting of
three rows of X’s to prevent continued processing of the display
set after its removal from the video display unit (VDU).

In this study, eight frames per trial were used. Each
sequence of frames was presented following a 500-ms display of

focus points (three plus signs (+) displayed in a column where
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Figqure 2. The Multiple-Frame Procedure. In this representation. Frames 3
through 7 are omitted. The target, "APPLE", appears in the middle position.
on Frame 2. Hence. the correct response would be to press the key
labeled "M".




the exemplars were displayed). Frame time was measured from the
onset of display of one frame to the onset of the next frame (a
zero interframe interval). Although presentation time for the
display set varied across blocks as a function of an individual’s
accuracy, presentation time of the visual mask remained constant
at 200 ms. The eight frames were displayed sequentially and
rapidly, much like a slide projector with a stuck button (see
Figure 2).

Participants searched through 24 exemplars (eight frames x
three exemplars per frame) to find a target. There were two
kinds of trials: target present (positive trials) and target
absent (negative trials). On positive trials there was one
target (an exemplar from the category which appeared in the
memory set) appearing within Frames 2, 3, 4, 5, 6,..-oxr 7 (never in e
Frame 1 or Frame 8) in either the top, middle or bottom position
on the VDU screen. Both frame number and vertical position were
selected randomly. If the trial was positive, the correct
response was to press a key labeled ‘T’, ’'M’ or ’B’
(corresponding to the 7, 4 or 1 key on the numeric keypad)
depending on the vertical location of the target exemplar. 1If
the trial was negative, the correct response was to press a key
labeled ’N’ (corresponding to the 5 key on the numeric keypad).

Participants could respond at any point during presentation
of the frames and for up to 4 seconds after the final frame.
Following the response, the VDU screen was cleared and feedback
for that trial was presented. After each trial, participants

received correlated visual and auditory feedback about their
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response. If a correct response was entered, the microcomputer
displayed the word "CORRECT!" inside a box at the left center of
the screen. If the participant "missed," then the message
"ERROR, exemplar was presented in position" (where exemplar was
the actual target word and position was the actual vertical
position of the target for that trial) was displayed at the
target location, simultaneously with presentation of a 1200-Hz
tone. If the participant "false-alarmed," then the microcomputer
displayed "ERROR, there was no target present" in the right
center of the screen, simultaneously with presentation of a 100-
Hz tone. 1If the participant made an "error of position," then
the microcomputer displayed "ERROR, exemplar was present in
position" at the target location, simultaneously with

T¥0-nz tons, T T ot

At the end of each block, participants received feedback and
had an opportunity to take a break (and were encouraged to do
so). First, information about performance on the just-completed
block was displayed for 7 seconds. Then, cumulative feedback in
the form of textual information about an individual’s performance
was displayed. When a participant was finished viewing the
feedback screen, he or she pressed the space bar to initiate the
next block of trials.

Design. It is important to note that the training phase was
of minor significance; it is for the transfer phase where the
issues of interest will be examined. As previously mentioned,
participants were pushed to perform at their perceptual

processing limits. Toward this end, much of the data collected
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served to provide us with daily reports on participants’ progress
during training to ensure that participants were indeed "keeping
on task."

All manipulations were within-subject.1 Data from the
following indep ndent variables were collected: (a) position of
the target (top, middle, bottom or no target present), (b) frame
number of the target exemplar (two through seven), (c) type of
trial (positive or negative), (d) target category (i.e., memory
set), and (e) target exemplar.

The primary dependent variable during training was display
set time ("speed") and during transfer, correct-incorrect
response (accuracy). Also, the time spent encoding the memory
set was collected.

This study was divided into two phases: training and
transfer. Training consisted six training sessions. During the
first training session, we obtained demographic and health
information, tested visual acuity and instructed participants on
how to perform the task. Training sessions consisted of 14
blocks of trials, with 30 trials per block. Twenty percent of all
trials were negative (target absent). There were 420 trials per
session, for a total of 2,520 trials (2,016 positive trials and
504 negative).

There was one transfer session consisting of six conditions

manipulated across 12 blocks. The Priming condition consisted of

1 Strictly speaking, this is not true: During training, half
of the participants had "Fruits" as their target category and
half had "Vegetables." Consequently, participants who trained on
Fruits had Vegetables for their Highly Related (HR) condition and
vice versa.
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the same category and exemplars on which an individual had
trained previously and was always presented in Blocks 1 and 2.
The remaining five conditions were presented pseudo-randomly
within Blocks 3 through 7, and again within Blocks 8 through 12,
with the proviso that th: same condition could not appear back-
to-back. Conditions Trained/Trained (T/T) and Trained/Untrained
(T/U) were presented within the same blocks. T/T consisted of the
previously trained category exemplars (8 words from the training
phase) and T/U consisted of the previously trained category but
with untrained exemplars (6 new words). The remaining conditions
consisted of both untrained categories and exemplars and were
manipulated across blocks. The Highly Related (HR) condition
contained six exemplars from a category that was highly
semantically related (Collen et al., 1975) to the category on
which a participant had trained. The Moderately Related (MR)
condition contalned six exemplars from a category that was
moderately semantically related to the category on which a
participant had trained. The Unrelated (UR) condition contained
six exemplars from a category that was semantically unrelated to
the catecory on which a participant had trained.

During transfer, the basic procedure was the same as
described for the training phase. Again, 20% of all trials were
negative. There were 48 positive trials per condition.

Experiment 1 - Results and Discussion

Mean frame times and accuracies are plotted against training

session 1in Figure 3. Improvement in frame time followed a norral
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power function. Accuracy remained relatively stable, ranging
from 77% to 80% after the first session.

Accuracy data from the transfer session are plotted by
search condition in Figure 4. No clear pattern emerged. A one-
way, within-subjects analysis of variance yielded a significant
effect of search condition, F(4,20) = 3.90, MSg = 0.09, p < 0.02.
A Newman-Keuls test revealed that none of the untrained
conditions were significantly different and the Trained/Trained
(T/T) condition was superior only to the Highly Related (HR) and
Unrelated (UR) conditions.

Percentage of transfer was measured (cf. Murdock, 1957) by
subtracting the control condition (i.e., number of correct
positive trials in the UR condition) from the experimental
condition (i.e., number of correct positive trials in either the
T/T, T/U, HR or MR condition) and dividing the result by the sunm
of the experimental and control conditions. The result was then
multiplied by 100. Although this formula yields smaller
percentages than other transfer equations, it is independent of
raw score units and yields values at which positive and negative
transfer are symmetrical and upper and lower limits are
identical. The results are shown in Table 7.

In this experiment, we gave participants a moderate amount
of training (2,016 positive trials) on a task driven by visual
search. We were interested in whether training on such a task
would transfer to new elements which were semantically related to
the original task elements. Also, we were interested in whether

there would be an ordering of performance basec uapon the semantic
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Table 7. Percentage of Transfer, Experiment 1

Condition Transfer Score
Trained/Trained 15%
Trained/Untrained 9%
Highly Related 3%
Moderately Related 8%
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relationships between these elements. Although statistically
nonsignificant, a trend emerged which indicated that semantic
relatedness was influencing performance. First, performance in
the three related conditions (T/U, HR and MR) was superior to
that for the UR condition. And second, ordering of performance
(with the exception of the MR condition) followed a pattern which
suggested that semantic relatedness was influencing performance.

Experiment 2 - Overview

In Experiment 2, we tested another group of participants in
order to determine whether the minimal amounts of transfer and
the nonsignificant differences in performance across conditions
found in Experiment 1 were robust phenomena. It was possible
that we simply did not provide enough training. Alternatively,
it is possible that tasks which are driven by visual search are
not conducive to transfer of training, particularly when there is
a significant semantic component associated with the task. To
this end, we provided participants with an extensive amount of
training and "tuned" our experimental paradigm to provide a more
rigorcus evaluation of these issues.

Experiment 2 - Method

Subjects. Ten right-handed volunteers (5 males, 5 females)
were recruited from introductory psychology classes at the
Georgia Institute of Technology. Participants were tested for
visual acuity of at least 20/30 (uncorrected or corrected) and
near vision of at least 20/40. Participants received a

combination of research credits and money.
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Equipment. All equipment was the same as that described in
Experiment 1.

Stimuli. The criteria used to select the categories and
exemplars were the same as those described in Experiment 1. The
actual stimuli are presented in Appendix C.

Procedure. We used the same "adaptive" multiple-frame
procedure described in Experiment 1, with a few modifications.
All participants began the experiment at the same "speed," with
frame time equal to 850 ms. If a participant’s accuracy on any
block was equal to or better than 87% correct (26 correct out of
a total of 30 trials), frame time on the next block was decreased
by 25 ms. If accuracy fell below 77% (23/30), frame time on the
next block was increased by 25 ms; otherwise, frame time remained
the same. Results from Experiment 1 indicated this allowed
accuracy to stabilize around 80% correct. Frame times for an
individual’s transfer sessions were derived using his or her mean
frame time for the final two training sessions. Thus, frame time
was held ~onstant during transfer, and accuracy was tl.2 dependent
measure.

In this experiment, we added the presentation of a Likert-
type scale (referred to hereafter as the "certainty scale") to
determine a participant’s certainty as to whether or not a target

was present (see Appendix D for a description of the certainty




scale).2 This scale was presented immediately following the ’T/,
'M’, ’B’ or ’N’ response. The participant responded by pressing
one of the numeric keys located at the top of the keyboard. The
screen then cleared and feedback for that trial was presented (as
described in Experiment 1). In addition to the feedback that was
presented at the end of each block in Experiment 1, participants
received cumulative graphical information about performance on
all blocks completed in the current session. Participants could
view this feedback as long as they wished. The space bar was
pressed when participanrts were ready to initiate the next block
of trials.

Design. All manipulations were within-subject. Data from
the following independent variables were collected: (a) position

of the target (top, middle, bottom or no target present), (b)

frame number of the target exemplar (two through seven), (c) type
of trial (positive or negative), (d) number of negative trials in
any r'ock (five, six or seven), (e) target category (i.e., memory

set), and (f) target exemplar.

The primary dependent variable during training was display
set time (speed) and during transfer, correct-incorrect response
(accuracy). However, data from the following dependent variables

were also collected: (a) certainty scale response (1-5); (b)

2 Use of this scale was prompted by conversations with
participants in Experiment 1. As frame times reached the point
where participants approached the limits of their perceptual
abilities, participants reported difficulty in loccalizing the
target. That is, they claimed that they could see the target
(and feedback supported this claim) but that they were uncertain
as to the vertical location ~f the target. The certainty scale
provided a technique for examining this phenomenon based on the
theory of signal detection. In addition, it provided another
metric for examining transfer.
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certainty scale response latency; (c) premature responses (on
positive trials, responses made before the target exemplar was
actually displayed, or on negative trials, before all eight
frames were displayed); (d) time spent studying memory set; (e)
response latency (on positive trials, the clock started when the
target exemplar was displayed and stopped when the response key
was pressed; on negative trials the clock started as soon as the
last frame was displayed and stopped when the response key was
pressed); and (f) type of error (false alarm, miss or error of
vertical position).

As in Experiment 1, this study was divided into two phases:
training and transfer. Training consisted of one orientation
session and 14 training sessions. During the orientation
session, we obtained demographic and health information, tested
visual acuity and instructed participants on how to perform the
task. 1In addition, participants ran through an abbreviated
session -- seven blocks of trials with 30 trials per block, for a
total of 210 trials. The 14 training sessions consisted of 14
blocks of trials with 30 trials per block, for a total of 5,880
trials. An average of 20% of all trials were negative (target
absent). 1In any block, five, six or seven negative trials could
be presented. The exact number for any particular Ylock was
permuted, with the restriction that the mean number of negative
trials per block was six.

There were two transfer sessions consisting of 11 blocks

each. Five conditions were manipulated across blocks:




1. Trained/Trained (TT)- the same category and exemplars
on which an individual had previously trained (three
blocks).

2. Trained/Untrained (TU)- six new exemplars from the
same category on which a participant had previously
trained (two blocks).

3. Highly-Related (HR)- six exemplars from a category
which was highly semantically related (see Collen et
al., 1975) to the category on which a participant
trained (two blocks).

4. Moderately Related (MR)- six exemplars from a category
moderately semantically related to the category on
which a participant trained (two blocks).

5. Unrelated (UR)- six exemplars from a category
unrelated to any other category used in either
training or transfer (two blocks).

The five conditions were manipulated between blocks of
trials and order of presentation was counterbalanced across
participants. Each transfer session for all participants began
with one TT block as a "priming" situation (see Appendix E for an
example of training and transfer conditions for a typical
participant). There were always six negative trials per block.

Experiment 2 ~ Results and Discussion

Training. Mean frame times and accuracies for each
training session are aggregated across participantz and
presented in Figure 5. By Session 3, accuracy stabilized at

about 80%, a level that was expected given the adaptive
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training. Frame times decreased according to a normal power
function. Following Session 10, improvement was quite modest;
participants had become highly skilled at performing the task.
Transfer. The data of main interest pertained to the
effects of transfer. Table 8 presents the percentage of
transfer for each condition from Sessions 16 and 17.
Interestingly, in terms of percentage of transfer, there was no
great difference between these findings and those for
Experiment 1 of the present investigation. However, the
perceptual performance demands in this experiment were
considerably more difficult than in Experiment 1 (mean frame
time at transfer in Experiment 2 was 160 ms as opposed to 240
ms in Experiment 1). Further examination of Table 8 reveals a
distinct pattern consistent with the view that transfer across
conditions was influenced by the degree of semantic relatedness
to elements of the task on which participants were trained.
Accuracy during transfer was a function of semantic
interrelatedness between categories. This is illustrated in
Figure 6, which reveals two important findings. First,
performance on the T/T condition was superior and approcached
the 80% level exhibited during training. Second, accuracy on
all transfer conditions increased in direct relation to the

degree of semantic relatedness to the previously trained

category.
Accuracy data from the transfer sessions (Sessions 16 and
17) were aggregated and analyzed with a one-way, within-

subjects analysis of variance. There was a significant effect

an




Table 8. Percentage of Transfer, Experiment 2

Transfer Score

Condition Session 16 Session 17
Trained/Trained 20% 16%
Trained/Untrained 10% 8%
Highly Related 7% 5%

Moderately Related 3% 1%
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of transfer condition, F(4,45) = 18.54, p < .01, MS, = 0.0186.
A Newman-Keuls test revealed that performance in the T/T
condition was superior to that for all other conditions,
accuracy was greater for the T/U condition than for both MR and
UR, and accuracy in the HR condition was greater than for the
UR ccndition. There was no significant difference between T/U
and HR, HR and MR or MR and UR. Thus, for highly related
conditions (T/U and HR), we found that performance in the
transfer task was superior to that for the control condition
(UR) .

We found less transfer in visual search than has been
reported previously in the memory search literature (e.q.,
Schneider & Fisk, 1984). However, in our study participants
performed at their perceptual processing limits. It is
possible that the high degree of overtraining (at extremely
brief display durations) induced stimulus feature learning. If
so, the amount of transfer may have been attenuated. There is
little evidence to suggest that feature learning plays an
important role in the transfer of semantically based
information. However, if this is the case, and if the brief
stimulus displays used in the present study did in fact induce
significant feature learning, the amount and pattern of
semantic transfer in this study are impressive.

Experiment 3 - Overview

In Experiment 3, we tested a third group of participants

in order to obtain another metric of the amount of transfer

exhibited in Experiment 2. In this experiment, we tested
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novice performance under the same conditions in which we tested
skilled performers during the transfer phase of Experiment 2.

Experiment 3 - Method

Participants. Ten right-handed volunteers (6 males, 4

females) were recruited from introductory psychology classes at
the Georgia Institute of Technology. Participants were tested
for visual acuity of at least 20/30 (uncorrected or corrected)
and near vision of at least 20/40. Participants received
research credit.

Equipment. All equipment was the same as that described in
Experiment 1.

Stimuli and Procedure. The stimuli and procedure were the

same as those in the transfer phase of Experiment 2, except for
the frame time and number of sessions. In this experiment, all
participants performed with the sa~e frame time. This frame
time was based on the mean frame time for all participants in
the transfer phase of Experiment 2, 160 ms. There was only one
session.

Experiment 3 - Results and Discussion

Mean accuracies (from all trials) from this experiment and
the first transfer session from Experiment 2 are plotted by
search condition in Figure 7. As can be seen in the figure, no
clear pattern emerged from the novice performers’ data and
there certainly appears to be no advantage due to semantic
relatedness. This finding was also supported statistically.
The data from this experiment were analyzed in a one-way,

within-subjects analysis of variance. This analysis indicated
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no statistical differences across search conditions, F(4,36) =
0.56, MS, = 0.01311, p > 0.6. 0ddly, the best performance
among the novice conditions was equal to that of the worst
performance among the skilled conditions. In general, novice

performance was better than anticipated.

Experimental Series 2 - Summary Discussion

In the present series of studies, we investigated
transfer of training in semantic category search tasks in which
we examined visual, memory and hybrid visual /memory search. As
suggested earlier, the highly speeded performance requirements
of the task demanded feature learning. We found that training
did indeed transfer positively to highly related components.
Although amounts of transfer were modest relative to what has
been found in tasks driven by memory search (Schneider & Fisk,
1984), the results are still exciting. As described earlier,
given the feature-driven components of the task, the positive
influence of semantic relatedness is an important finding.

These results indicate the importance of consistent
training in the development of high performance skills
dominated by processes associated with visual search. Of
particular interest is the finding that consistent training of
these skills transfers not only within the same class of
stimuli but also to other, highly related stimulus classes.
Therefore, one critical component of effective training in such
tasks may be training based on highly related examples.
Further, these data have significant implications for the

development and training of many skills in terms of the level
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of transfer to be expected in tasks requiring a visual search

component.
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IV. EXPERIMENTAL SERIES 3: TRANSFER OF AUTOMATIC COMPONENT
PROCESSES TO TOMPATIBLE, INCOMPATIBLE, AND CONFLICT SITUATIONS --
ISSUES FOR REVRAINING

Intrecduction

This investigation examined the potential negative effects
of developing automatically processed task components when the
role of thcse components changes across tasks. This research
allowed a systematic examination of the transfer of automatic
processes to situations in which automatic task components were
used either in the same way, in an opposite manner, or in
conflict with other automatic components. Assessment of
performance in the transfer and reversal conditions used in the
present study allowed the specification of the deleterious
effects of training situations which require either the re-use or
the inhibition of previously learned automatic skill components.

Much of the research to date on automatic/controlled
processing has focused on the benefits accrued from automatic
processing of task components, such as enhancement in the speed
and precision of performance as well as a reduction in the amount
of resources a given task requires. However, students of skill
must be concerned with the potential deleterious effects of
incompatible automatic components on learning new skills.

It is a truism (although often overlooked) that automatic
processes car have disastrous effects on performance when they
are incompatible with task requirements (Norman, 1981; Reason,
1984) . Furthermore, these negative effects can persist for guite

some time (Shiffrin & Schneider, 1977). Modifying automatic
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components of skilled performance may demand substantial time orn
the part of the trainee (and the trainer). Previous findings
suggest that retraining to ameliorate the negative influence of 2
well-learned automatic behavior may require more effort than the
initial training of novices (Shiffrin & Schneider, 1977). This
fact is important because, when individuals learn complex skills,
it is the exception rather than the rule that training focuses cn
completely novel skill components. Most frequently, trainees
bring a repertoire of previously developed skills with them when
learning to use new technology or develop new skills.

Little is known about the deleterious effects of competing
or incompatible automatic processes on the development of new
skills, although this issue has been investigated to some degree
in the area of visual search (Dumais, 1979; Fisk & Rogers, 1988;
Rogers, 1989). These researchers have examined transfer of
automatic prccess training based on various "strength" mocdels of
visual search. 1In this conceptualization, target and distractor
items used in the experimental tasks are hypothesized to have a
distribution of strength. Strength may be conceptualized as an
item’s ability to attract attention (Dumais, 1979; Shiffrin &
Czerwinski, 1988; Shiffrin & Dumais, 1981). With practice, iters
that are attended to consistently (i.e., consistently mapped, or
CM targets) become stronger, and items that are consistently
ignored (CM distractors) become relatively weaker. A variably
napped (VM) item is, by definition, inconsistent, in that it nay
appear as a target on one trial and be attended to, but may

appear as a distractor on the next trial and therefore be




ignored. Consequently, the overall strength of VM items remains
the same because they are increased on some trials but decreased
on other trials.

The assumption underlying the above research is that there
are two component processes in the visual search task which
result in automatism: (a) strengthening of consistent targets,
and (b) weakening of consistent distractors. Research has
demonstrated that if the role of either targets or distractors is
reversed (partial reversals - Dumais, 1979; Rogers, 1989) or the
roles of both targets and distractors are reversed simultaneously
(full reversal - Rogers, 1989; Shiffrin & Schneider, 1977), there
will be a disruption in performance. It is proposed that this
disruption occurs because participants have difficulty ignoring
information that they have been trained to automatically attend
to and vice versa. On the other hand, target or distractor
components of tasks may be transferred to new task situations
with little or no disruption in performance as long as the
stimuli continue toc serve the same role (i.e., targets continue
to be attended to and distractors continue to be ignored).

The preceding summary of research provides evidence that the
transfer of automatic components is dependent upon the degree to
which the stimuli to be transferred require a similar response,
either overt or covert. From a training perspective, all
possible recombinations of task components have not been
investigated, and many questions remain. Specifically, what will
happen to performance if the role of one task component remains

the same but the other is reversed within the same condition
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(christened a "conflict" condition)? The conflict arises, for

example, when two CM targets are combined such that the

participant must continue to attend to one set but simultaneously

learn to ignore the other (previously attended) set. Another
open question is how durable the influence of previous training
is as a function of the type of component recombination. Though
this question has been addressed for full reversal situations
(Shiffrin & Schneider, 1977), to our knowledge partial reversal
situations have not been examined over time.

The goal of the present experiment was to investigate a
range of possible task component recombinations likely to occur
in real-world situations: Target Transfer and Distractor
Transfer (which should result in little or no disruption), Target
Reversal and Distractor Reversal (which should result in
significant disruption), and Target Conflict and Distractor
Conflict. The two conflict conditions have not previously been
tested in the laboratory. Our hypothesis was that both conflict
conditions would result in performance disruption; however, the
amount of disruption and how it would relate to the disruption
found for the partial reversal conditions remained an open
question.

Our second goal was to measure the persistence of any
disruption that occurred in the transfer conditions. To that
end, we provided participants with four sessions of practice on
the new conditions. We predicted that the conditions which
resulted in the greatest disruption initially would also yield

disruption effects of longer duration.
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Method

Subjects. Seven male and five female undergraduates
participated in this experiment. Students received course credit
for up to 4 hours of participation and were paid $5.00 per
session for the remainder of their time. All participants were
screened for visual acuity of at least 20/30 (far vision) and
20/40 (near vision}).

Apparatus. Words from 14 semantic categories were chosen
from the taxonomic category norms of Battig and Montague (1969)
as stimuli. Categories were screened for hierarchical
interrelationships such that no two categories were related
(Collen et al., 1975). Eight words from each category, each four
to seven letters in length, were chosen as exemplars. Each
participant received a unique assignment of categories to each
condition.

All stimuli were presented using microcomputers proyrammed
to present the stimuli, collect the responses, and control the
timing of the display presentations. The standard keyboard was
altered such that the ’7’, ’4’, ard ’1l’ numeric keypad keys were
exchanged with the ’T’, ‘M’, and ’B’ keys, respectively. All
participants were tested in the same room at individual,
partitioned workstations.

Procedure. An individual trial consisted of the following
events. A memory set item (category label) was presented to the
participant for a maximum of 20 seconds, or until the participant
pressed the space bar to initiate the remainder of the trial.

Three vertically aligned plus signs were then presented for 0.5
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second in the center of the display to localize the subject’s
gaze. The plus signs were followed hy the display set (three
category exemplars presented in a column). Participants were
given a maximum of 6 seconds to indicate the location of the
target (top, middle, or bottom) by pressing the corresponding
‘T!, 'M’, or ‘B’ key.3 Participants were encouraged to respond
as quickly and accurately as possible.

Participants received feedback after each trial and after
each block. After correct trials, response time (PT) was
displayed in hundredths of a second. After inceorrect trials, a
tone sounded and the correct response was displayed. At the end
of each block (42 trials), the subject’s mean RT and accuracy for
that block were presented. If the participants’ mean accuracy
for any given block fell below 90%, a warning message was
displayed, encouraging them to respond more carefully.

Design. The experiment included a training phase and a
transfer phase. During the training phase, participants received
practice on four <onsistently mapped (CM) conditions and one
variably mapped (VM) conditicn: CM1 - A(B); CM2 - C(D): CM3 -
E(F); CM4 - G(H):; VM - TJKILMN(IJKIMN). (Here, for example, the
representation A(B) refers to Target Set A displayed with
Distractor Set B.) Participants completed ten l-hour sessions
of training, for a total of 8,400 training trials. Each session

consisted of 20 blocks (42 trials), five blocks for each training

3 There was a target presant on every trial. Previous
research has shown that having a target present on every trial is
as effective as having twice as many trials in which half of the
trials are target present trials and half are target absent
trials in terms of facilitating automatic process development
(see Schneider & Fisk, 1280).




condition. The type of training condition was manipulated
between blocks and the order of blocks was balanced within each
session. In the CM conditions, the target and distractor
categories were from distinct sets whereas in the VM condition,
the target and distractor sets on a given trial were chosen from
a pool of six sets.

In the transfer phase of the experiment, participants
participated in four sessions (14 blocks of 42 trials per block),
for a total of 2,352 trials. The seven search conditions were:
(a) Target Transfer - A(I), (b) Distractor Transfer - J(B), (c)
Target Reversal - K(C), (d) Distractor Reversal - D(L), (e)
Target Conflict - E(G), (f) Distractor Conflict - F(H), and (g)
New CM - M(N). The presentation order of the transfer conditions
was counterbalanced across subjects. Each training condition and
its corresponding transfer, reversal, or conflict condition is
summarized in Table 9.

For the training phase of the experiment, the within-subject
independent variable was the Type of Training (CM vs. VM). For
the transfer phase, within-subject variables were search
condition (the rearrangement of the task components into Target
Transfer, Distractor Transfer, Target Reversal, Distractor
Reversal, Target Conflict, Distractor Conflict, and New CM) and
the number of sessions. The dependent measures were reaction
time (RT) and accuracy.

Results
Training Results. Training resulted in standard CM

improvement functions. All CM conditions improved in a standard
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Table 9. Training and Transfer Conditions

Training Transfer

A(B) --=> A(I) -~ Target Transfer
---> J(B) =~ Distractor Transfer

C (D) --=> K(C) =~ Target Reversal
---> D(L) ~ Distractor Reversal

E(F) ---> E(G) - Target Conflict

G (H) ---> F(H) - Distractor Conflict

IJKIMN (IJKLMN) -==> M(N) - New CM

Note: The representation A(B),

for example, refers to the

category set A as the target set and the category set B

as the distractor set.
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log-log linear tashion, wilth KI decreasing trom about 750 ms to

about 560 ms at the end of training (see lable 10 for end-cf-

training RT data). These decreases were signiticant, E(9,30)
45.08,4 Wwith no significant interaction among CM conditions a..d
training sessions (F < 1) Accuracy venalned stanle for the 4
condlitions. At the eng oL practice, noeae 3r tie M conditicro
differed signiticantly but all were significantly faster than ™
F(4,40) = 28.41.

Transfer Results. The purpcse o the study waes to exami.e

the effects of dirfferen. reccibinations ot CM stimull on
performance. We turn now to those data. We evaluated
performance on the transfor conditlions relative LU pellformalice at

the end or training and alsw relatlve to the New M condltio:n

(see Table 10U fur Lhe l.iansrer performance data). The data
crosented in Table 10 roflect averadge pverformance in the first

and last sessions of Ciansfer. What 1s apparent 1s that all
conditions were slower at transfer relative te the trained CM
performance levels. However, relative to the New CM conditio..
(which did nct differ rrocm previous VM levels, t(2l) = 1.94) Lthe
Target Transter F(1,60) - 10.82 and Distractor Transter ((l,cu, =
5.90 conditions were significantly faster, showing positive
transfer. As predicted, the reversal and the ccnflict condit.uns
resulted in performance disruption, with RT returning to
untrained levels. None of these conditions differed from the iew

CM condition (F < 1).

4 a1l analyses reported were significant at an alpha level
of .05 unless otherwise stated.
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Table 10. Mean RT (in ms)

After Training, and in the First and

Last (Fourth) Transfer Sessions

Transfer Session

After

training 1 4

CM - 562 586 525 - Target Transfer

VM - 691 605 540 Distractor Transfer
687 638 - Target Reversal
686 624 - Distractor Reversal
677 614 - Target Conflict
644 589 - Distractor Conflict
662 614 New CM




As another measure of disruption, we compared performance of
the reversal and the conflict conditions relative to the transfer
conditions. Both reversal conditions differed from the transfer
conditions, F(1,6u; = 30.63. 1In addition, the Target Conflict
condition differed from the Target Transfer condition, F(1,60) =
15.45. However, perhaps indicative of slightly less disruption,
the Distractor Conflict condition did not significantly differ
from the Distractor Transfer condition F(1,60) = 2.74.

Disruption Over Time. Another important issue was how the
effects of transfer, conflict, and reversal would persist over
time. We compared rerformance in each transfer condition after
four sessions of retraining (see Table 10) to the pre-transfer CM
performance level. These comparisons provided information
regarding whether or not the retraining compensated for the
disruptive effects of the reversal and conflict conditions.

After retraining, the two transfer conditions did not
significantly differ from pre-transfer CM performance. The
Target keversal t(21) = =-4.22, Distractor Reversal t(21) = -3.58,
New CM t(21) = =-3.94, and Target Conflict t(21) = =-2.75
conditions were all significantly slower than the pre-transfer CM
performance level. Important'", the Distractor Conflict
condition did not differ from pre-transfer CM performance.

An analysis of variance conducted on the mean RTs of each
condition across all four retraining sessions revealed no
interaction with training (F < 1). This indicated that with the
present amount of retraining, equal improvement functions existed

for all of the transfer, conflict, and reversal conditions.
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These data suggested that, although all conditions were disrupted
at transfer, some conditions were more disrupted than others.
Given equal improvement functions, only the two transfer and the
Distractor Conflict conditions reached the pre-transfer
performance level after four sessions of retraining.

Had more training been given, it appears that all transfer
conditions would have reached pre-transfer levels. The potential
linear function relating performance improvement to a given
disruption condition is exciting, as it suggests the potential
ability to predict the amount of training required to compensate
for disruption at transfer. However, more retraining would be
required to determine if improvement for all conditions actually
follows a linear function.

Discussion

The present research was undertaken fer the purpose of
determining how the integration of automatic task componcnts, in
conflict with one another, would affect performance. More
specifically, we examined situations that required the inhibition
of one automatized task component and the re-use of another. The
results indicated that competing automatic components disrupted
performance to the same extent as the reversal of components.
However, it was found that the type of conflicting components
affected the severity of that disruption. The Target Conflict
and the partial reversal conditions continued to show worse
performance than trained CM performance after four sessions of
retraining. Distracter Conflict and the transfer conditions were

no different than trained CM after only four sessions while the
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New CM control condition continued to yield slower performance
than trained CM performance.

These data are important from a theoretical perspective
because they are thoroughly consistent with the strength models
of visual search proposed by Dumais (1979), Shiffrin and
Czerwinski (1988), Shiffrin and Dumais (1981), Schneider (1985),
and Schneider and Detweiler (1988). For example, in the ‘rarget
Conflict condition, for any given trial, participants were
presented with three high strength words. According to the
model, all three stimuli will draw attention with equal strength.
In order to detect the target in the Target Conflict situation,
the participant must serially scan (use controlled processing)
each word in the display because differential strength cannot be
used to distinguish the targets from the distractors.

Early in retraining, in the Distractor Conflict condition,
the participant is presented with three words that are of low
strength. According to the model, because these low strength
words repel attention automatically, the only way to search the
display and make a response is through controlled processing.
However, also according to this model, Distractor Conflict may
have improved faster than Target Conflict because participants
had only to change the strength for one stimulus. In Target
Conflict, however, the strength of two items must be altered.
Schneider (1985b) has suggested that CM targets are strengthened
more quickly than CM distractors are weakened:; hence, the items
serving as CM targets in the Distractor Conflict condition could

more quickly gain strength relative to the CM distractors.
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The present data are important because they describe
performance disruption as a function of the type of skill
component recombination and retraining of previously acquired
automatic component processes. Further, these data provide an
approximation of the extent to which these effects are robust
even after retraining. The data are of practical value in
estimating performance retraining functions in task domains that
have benefitted from the direct application of laboratory
search/detection results (Carlson et al., 1989: Myers & Fisk,
1987; and see Eggemeier, Fisr Robbins, & Lawless, 1988, for
possible future applications).

This irformation may be of use to instructional designers in
the attempt =o incorporate the automatization of task components
into their overall training programs. Much has been written
concerning the merits of developing automatic components for
complex skill acquisition (Ackerman, 1988; Eggemeier et al.,
1988; Fisk & Eggemeier, 1988; Schneider, 1985a). Training
guidelines have been developed specifying when and how to train
consistent task components in a part-task sense for novel tasks.
However, transfer and disruption functions should be taken into
account when designing training programs, in order to minimize
disruption of actual task performance. When planning part-task
training of automatic components, it will be important to
identify situations in which the automatic components ultimately
could be incongruous with whole task demands or with other
relat~d tasks. The present data suggest that when identifying

consistent task components for automatization, the possible
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recombinations of those components must also be considered.
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V. EXPERIMENTAL SERIES 4: TOWARD AN UNDERSTANDING OF SKILL DECAY
~=~ RETENTION OF AUTOMATIC COMPONENT PROCESSES

Introduction

Typically, investigations of training or skill acquisition
are characterized by at least one of the following: examination
of the influence of quantity or quality of training and a focus
upon a molar level of analysis (i.e., performance of the entire
task). Furthermore, there is one common goal in training: to
have the operator perform his or her task at a desired level of
proficiency a certain amount of time following training. 1In many
instances, the task is to be performed infrequently after long
periods of time following training (e.g., scheduled maintenance
or emergencies).

As technology has advanced, the role of the worker has
evolved considerably. Fewer demands are placed on strength and
motor skills of the worker and more on his or her information
processing abilities. Due to the intensive effort expended in
training individuals to perform complex tasks, the retention of
skill over time is an issue of great importance. The majority of
research on skill retention has been conducted by or for the
military. Typically, these investigations have examined training
on, and retention of, tasks involving the assembly or maintenance
of equipment (cf. Hagman & Rose, 1983). Typically, these tasks
were not analyzed at the task component level; only overall
performance was analyzed following some interval of time after

training.
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According to Fisk and Lloyd (1988), task components must be
examined at a molecular level in order to study skill acquisition
in terms of internal, stimulus-to-rule relationships. These
relationships are intermediate components of the overall task.
Without this molecular analysis, it is difficult, if not
impossible, to discern task components that are trained readily
from components that are trained less readily. Analysis of a
skilled task in terms of its individual components is critical if
the objective is to identify components that are both stable zand
transferrable across different tasks and task domains. On an
intuitive level, it is clear that an important characteristic of
highly skilled performance is its apparent resistance to decay.
What is needed is an empirical assessment of the retention of
component skills subsequent to development of skilled
performance. The present investigation addressed fundamental
aspects of the reliability and stability of automatic processing
components of skills.

The contributions of automaticity theory to the areas of

training and skill acquisition are well documented (Logan, 1985;

Schneider, 1985a). According to automaticity theory, skilled
performance is driven by two types of information processing: ‘
controlled and automatic processing. Controlled processing is \
characterized as slow, effortful, serial, limited by processing
capacity and under direct control of the operator. In ccntrast,
automatic processing is fast, parallel, not constrained by

working memory and not under direct control of the operator.

Both processes are driven by the consistency of the mapping of
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the response to stimuli, classes of stimuli cor relationships
between stimuli (cf. Fisk & Lloyd, 1988).

Regardless of the mapping, controlled processing dominates
the earliest stages of training. If major components of the task
are consistently mapped (i.e., respconses remain the same across
practice), automatic processing will come to dominate performance
of the task. However, if major components of the task are
variably mapped (VM) or inconsistent (i.e., response requirements
change across practice), controlled processing will continue to
dominate performance.

It is a ubiquitous finding that skill develops only under CM
conditions (e.g., Fisk & Schneider, 1983; Myers & Fisk, 1987; and
Schneider & Shiffrin, 1977). However, most complex tasks in an
applied setting consist of multiple components, some of which may
be trained to automaticity, while others remain dependent on
controlled processing. To understand the development and
maintenance of skilled performance, it is critical to examine a
task in terms of these component processes (Logan, 1985;
Schneider & Detweiler, 1988).

One area which researchers have not yet investigated is the
long-term retention of automatized components of skill. In this
study, we provided high, moderate and low amounts of CM training,
along with a low amount of VM training, to our participants.

Then we measured performance following training at four different
intervals across a time span of 180 days. We predicted that
performance in the CM conditions would remain superior over VM at

each point of measurement following training. We predicted also

95




that there would be a positive relationship between amount of CM
training and level of performance on transfer tasks. This
investigation was designed to extend understanding of the
mechanisms underlying automatic and controlled processing:
specifically, the effect of time since training on these
processes. Our purpose was to assess differences in the
influence of CM and VM training on the retention of skilled
performance and to measure the effect of differential amounts of
CM training on skill retention.

Experiment 1 - Method

Participants. Twelve volunteers (6 males, 6 females)

completed the experiment. Ten were graduate students in
psychology at the Georgia Institute of Technology and two were
undergraduates. Participants were tested for corrected or
uncorrected far vision of at least 20/30 and near vision of at
least 20/40, and were paid for their participation.

Equipment. Epson Equity I+ microcomputers equipped with
Epson MBM-2095-E monochrome monitors and Epson multimode graphics
adapters were programmed to present the task and collect data.
The ’7’, ’4’ and ’1’ Kkeys on the numeric keypad were labeled ‘T’,
‘M’ and ’'B’ respectively, to indicate top, middle and bottom
(mapping to target positions on the VDU screen). The task was
performed within booths constructed of socund-deadening materials,
and pink noise was played at a sound level of approximately 55
dB. In this manner, external sounds were masked.

Stimuli. Fifteen semantically unrelated, taxonomic category

labels (Collen et al., 1975) from the Battig and Montague
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category norms (1969) were used as memory-set items in the
training and retention phases of the experiment. Ten exemplars
from each of these categories were used for display set items,
six during training and all ten during retention. Exemplars were
selected according to four criteria: visual distinctiveness,
semantic distinctiveness, length (between four and seven letters)
and prototypicality (highly associated with their respective
categories, according to Battig and Montague). A list of these
stimuli is presented in Appendix F.

Procedure. Each trial proceeded as follows. The memory set
(one, two or three category labels) was displayed in the left
center of the video screen at the beginning of each trial.
Participants could study the memory set for up to 20 seconds. To
view the display set, participants pressed the space bar. An
orientation display consisting of three plus (+) signs was
presented for 500 ms in the same location as the display set, to
allow the participant to focus his or her gaze. Then the display
set, consisting of three words in a column, was presented. The
participant’s task was to identify the target (i.e., an exemplar
from one of the categories in the memory set) and tu indicate its
location (top, middle or bottom) by pressing the corresponding
key (labeled 'T’, ’M’, or ’B’) on the keyboard. Participants
were allowed a maximum of 6 seconds to enter their responses.

Participants received the following performance feedback.
After each correct trial, the participant’s reaction time (RT)
was displayed. After each incorrect trial, an error tone sounded

and the correct response was displayed. Following each block of
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trials, the participant was given his or her average RT and
percent correct for that block. Participants were instructed to
maintain an accuracy rate of 95% or better while responding as
quickly as possible. If accuracy fell below 90% for any block,
the program instructed him or her to respond more carefully.

Design. The experiment consisted of two phases: training
and retention. All manipulations in both training and retention
were manipulated within-subject and within-block. In the
training phase, there were two factors of interest: search
condition and memory-set size. Display set size was constant at
three. There were four search conditions: (a) high amount of CM
training (CM High, 4320 trials), (b) moderate amount of CM
training (CM Moderate, 2160 trials), (c¢) low amount of CM
training (CM Low, 720 trials) and (d) VM training (VM, 720
triais). Memory-set size varied from one to three items. There
was a target exemplar present on every trial. All manipulations
were within-subject and within-block. There were three target
categories associated with each CM condition. Six categories
were associated with the VM condition; exemplars from these
served as both targeis and distractors. The six categories
associated with the VM condition also served as distractor
categories for CM conditions. Assignment of categories to
participants was counterbalanced by a partial Latin square.
There were 12 sessions lasting an average of 40 minutes each.
There were 20 blocks per sessior and 33 trials per block.

During the retention phase, two new variables were added:

exemplar type (trained versus untrained) and retention interval.
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In *r= untrained exemplar condition, fcur new exemplars were
added to each of the categories on which participants had trained
previnusly. The trained exemplar corditinn was simply the
Ariginal categnries and exemplars on which participants trained.
There were five retention intervals: Pertormance was meastiured 1
Jay frallowing *raining (the criterion retention date, aga:nst
whirh subsequent performance was cempared), and at 30, %0 and 1806
Jays following training. During each session, participants
reoceiyed 170 *riale (£0 per anditiory.

Frior *2 each retrentinon cession (except ay 1), participants
recejved aiv blorks of CM practice (48 trials per block). This
practice tcok approximately 15 minutes and was provided to allow
par-icipants %2 orient to the experimental environment and task
‘e 3., pra~+ti~e whirh keys to press). Cateanries and exenplars
wors apmantrcai iy unrelared (Collen et al., 1975) to those on
chioh pare s sapants Frained and tn thraoe on which they were tested
rirg rerent ion,

-

The de=y 3, was a 3 - L v ) ¥ Y (retention interval w type of
"raining » ewemplar type ¥ memory set size) within-subjects

factorial des:ian. The dependent variables were accuracy and

response laten~y on correct trials.

Training Results. The first key gquestion regarding the
*raining datra is: "Did participants hecome proficient at
rerforming this *ask”™" Mean reaction times and accuracies are
rroanntad in Figqnre 2 Tn all M r~enditions, reaction time (RT)

improvement follrwed A nmrmal power law function, while
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accuracies remained stable within the range of 94% to 97%
correct. VM RT performance showed modest improvement also.
However, VM accuracy declined almost steadily from 96% in Session
1 to 84% by Session 12. This trend demonstrates a classic
example of a speed-accuracy trade-off and thus the modest
improvement in VM RT performance is not meaningful.

The second key question is: "Are there differences in CM
performance due to differential amounts of training?" Comparison
of RT means (correct trials only) from Session 12 reveals: The CM
High condition was faster (M = 650 ms) than CM Low RT [M= 727 ms,

F(1, 11) = 6.61, MSe

5350]:; CM Moderate was faster (673 ms)

than CM Low [F(1,11) 5.59, MSe = 3041.17]: and CM Low was
faster than VM [M = 1001 ms, F(1, 11]) = 63.09, MSe = 6341.35].
(In all cases the probability level for statistical significance
was p < 0.05.) RT performance in the CM High condition was
slightly faster than CM Moderate but the difference was
nonsignificant {F(1, 11) = 3.10, MSe = 1091.61]. Thus,
performance was positively related to amount of CM training.

An examination of comparison slope estimates provides more
evidence that increased CM training led to superior performance.
These estimates describe the function that relates RT to the
number of comparisons (the product of the number of items to be
held in memory and the number of items to be searched in the
display set) required to make the correct decision. One
condition for the attainment of automaticity in visual/memory

search tasks is that the slope estimate approach zero (indicating

completion of the shift from serial to parallel processing: see
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Schneider & Shiffrin, 1977). At Sessiun 12, the zomparison si.ope
estimates for CM High, CM Moderate, (M Louw and VM were 6.2 us, 11
ms, 16.6 ms and 53.9 ms, respectively.

Retention Results: Accuracy Data. A 4 X 3 x 2 X 4 (search

condition x memory-set size x exemplar trailning x retention
interval) within-subjects analysis of varlance was pertormed

the accuracy data. The main effects ot search condition (EF(3,33)
= 18.99, MSe = 0.01¢], memory-set size [F(2,22) = 49.54, MSe
0.123] and exemplar training [F(1, 11) = 50.62, MSe = 0.004) were
significant. A Newman-Keuls test revealed no differences between
CM conditions, but the VM condition was less accurate than any CM
condition. There was no eftect of retention interval (F(3,44) =
1.92, MSe = 0.005], indicating that accuracy across retention
intervals was quite stabie.

Retention Results: Trained Exemplars. Mean reactlon times

as a function of retention interval (for all conditions and
collapsed across memory set slze) are presented in Figure 9.
Critical data for this investigation involve the pattern of Ri
performance decay for trained exemplars across search conditiocas
and retention intervals. A comparison of mean RTs across search
conditions reveals that, at Day 1, CM High performance was faster
(M = 745.57 ms) than CM Low (M = 813 ms, F(1,11) = 5.06, MSe =
5350.23]; CM Moderate was faster (M = 773 ms) than CM Low
(F(1,11) = 5.59, MSe = 3041.17]; and CM Low was faster than Vi [M
= 1178 ms, F(1,11) = 63.09, MSe = 6341.35]. Following Day 1,

there were no statistically significant differences between the
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CM High, Moderate or Low conditions. However, all CM conditions

remained superior to VM across all retention sessions.

Comparison of CM RT means across retention intervals reveals
that performance in the CM High condition at Day 1 (M = 746 ms)
was faster than CM High at Day 30 (M = 830 ms, F(1, 11) = 45.89,
MSe = 927.09]}. From Day 30 on, however, performance in the CM
conditions did not vary significantly from one retention interval
to the next. CM High performance at Day 30 was not significantly
different from CM High at Day 90 [M = 869 ms, F(1,11) = 3.33, MSe
= 2718.39]); CM High at Day 90 was not significantly different from
CM High at day 180 [M = 865 ms, F(1,11) = 0.09, MSe = 1898.64].
This pattern also held true for the CM Moderate and CM Low
conditions. VM performance was erratic: From Day 1 through Day
90, it decayed, and from Day 90 to Day 180, it improved.

Retention Results: Untrained Exemplars. In the untrained CM
search conditions, RT performance was marked by stability. There
was even a modest trend of improvement, though not statistically
significant. Performance in the untrained VM condition shadowed
the trained VM condition (i.e., was not stable). There were no
statistically significant differences between the CM High, CM
Moderate or CM Low untrained conditions at any retention
interval. All untrained CM conditions were superior to both
trained and untrained VM conditions across all retention
intervals. At Day 1, all trained CM conditions were superior to
all untrained CM conditions. With the dramatic decline in
performance from Day 1 to Day 30 in the untrained CM conditions,

however, the two groups began to converge. Although not
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statistically significant, continued modest decrement in trained
CM conditions combined with modest improvement in untrained CM
conditions further reduced differences in performance between the
two groups.

Experiment 1 - Discussion

There were four critical results from this experiment: (a)
Performance in both CM trained and untrained conditions was
superior to all VM conditions at all retention intervais., (b)
trained CM conditions exhibited the greatest decrement in
performance within 30 days following training; (c) after this
initial decline, CM performance remained relatively stable; and
(d) the original ordering of performance levels produced by
differential amounts of training was maintained at each retention
interval.

Interpretation of the pattern of data demonstrated in this
study requires consideration of the manner in which automatic
processes are developed. Recently, Schneider and Detweiler’s
(1988) work in formal modelling led them to propose that
development of automaticity proceeds in five phases. 1In order to
postulate the development of "pure" automaticity, one needs to
examine a range of quantitative and qualitative changes (cf.
Shiffrin, 1988). 1In our investigation, we can point to three
pieces of evidence for the development of pure automaticity
(certainly in the CM High condition and probably in the CM
Moderate condition also): Participants received extensive CM
training; improvement in performance followed a power function

and had reached asymptote; and final comparison slope estimates
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approached zero. As noted previously, the CM trained exemplar
search conditions exhibited the greatest percentage of decline in
RT performance. The largest portion of this decline occurred by
Day 30. If we assume that pure automatic processing develops in
phases and had developed in these conditions, then the rapid rate
at which performance declined from Day 1 to Day 30 suggests that
at least some of the underlying mechanisms associated with
different phases of automatic processing are somewhat fragile.

After 30 days, RT performance remained quite stable,
indicating a limit in the amount of decay of automatic
processing. This suggests that the intermediate phases of
automaticity are resistant to decay, at least over short
intervals of time such as 6 months. This pattern of RT
nerformance -- rapid decline from 1 to 30 days, followed by
stable performance from 30 to 180 days after training -- may
~mply that different processing components are tapped by skilled
performance on this task. The task used in this experiment was a
hybrid memory/visual search task. Although similar, visual and
memory search are dominated by distinct processing mechanisms
{Fisk & Rogers, 1989; Flach, 1986). It is possible that
retention affects these mechanisms differentially. Experiments 2
and 3 were designed to examine this possibility.

Experiment 2 -~ Overview

In this experiment, we tested another group of participants
in order to examine the effects of retention on a "pure" visual
search task. For this task, memory-set size was held constant at

one, and display set size was held constant at three.
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Experiment 2 - Method

The participants, equipment, stimuli and procedure were the
same as those used in the transfer phases of Experiment 2 in
Section III of this report (semantic category, visual search
task). Participants were tested 30 days following the last
transfer session (Session 17).

Experiment 2 - Results and Discussion

In Figure 10, accuracy performance 30 days following the
final transfer session (32 days following training) is compared
with performance during the final transfer session (Session 17).
The condition of interest is the Trained/Trained (T/T) condition.
As can be seen, performance in the T/T and Unrelated (UR)
conditions exhibited the greatest decline, 7.6% and 10.5%,
respectively. A paired comparison of T/T accuracy in Session 17
with T/T accuracy 30 days later (Session 18) reveals that this
decline was statistically significant [F(1,40) = 6.01, MSe =
0.0075). Performance in the other conditions remained quite
stable.

Although the decline in performance was statistically
significant, the amount of decline was approximately half that
exhibited at Day 30 by the Highly Trained CM condition
(Experiment 1 of this series). Certainly, the decline in
performance was not sufficient to identify the processing
mechanisms associated with visual search as the exclusive locus

of the performance decrement exhibited in Experiment 1.
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Experiment 3 - Overview

In this experiment, we tested another group of participants
in order to examine the effects of retention on a "pure" memory
search task. For this task, memory-set size was varied between
one, two, and three items, and display set size was held constant
at one item.

Experiment 3 - Method

Participants. Fourteen right-handed volunteers (8 males, 6
females) were recruited from introductory psycholoay classes at
the Georgia Institute of Technology. All participants completed
the training phase, but one male and two females failed to return
for the retention phase. Participants were tested for visual
acuity of at least 20/30 (uncorrected or corrected) and near
vision of at least 20/40. Participants received a combination of
research credits and money.

Equipment. All equipment was the same as described in
Experiment 1, except that the ‘4’ and ‘S5’ keys on the numeric
keypad were labeled with a ‘Y’ and an ‘N’ corresponding to "yes"
and "no," respectively.

Stimuli. Fourteen taxonomic category labels (Collen et al.,
1975) from the Battig and Montague category norms (1969) were
used as memory set items in the training and retention phases of
the experiment. Six exemplars from each of these categories were
used for display set items during both training and retention.
Exemplars were selected according to the criteria described in

Experiment 1. These stimuli are presented in Appendix G.
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Design. The experiment consisted of two phases: training
and retention. All manipulations in both training and retention
were manipuiaced within-subjects and within-blocks. 1In the
training phase, there were two factors of interest: trial type
(target present or positive trials versus target absent or
negative trials) and memory-set size (1, 2 or 3 category labels).
Display set size was constant at one exemplar. Each participant
was trained on exemplars from three target categories (six per
category) and six distractor categories (six per category). All
trials were consistently mapped. Assignment of categories to
participants was counterbalanced by a partial Latin square.

There were 10 sessions lasting an average of 40 minutes each.
There were 19 blocks per session and 42 trials per block, for a
total of 7,980 trials of which half were positive trials and half
were negative. The retention phase consisted of one session
(identical to a training session) conducted 32 days following
training.

The design was a 2 x 2 x 3 ( phase x trial type x memory
set size) within-subjects factorial design. The dependent
variables were accuracy and response latency on correct trials.

Procedure. Each trial proceeded as follows. The memory set
(one, two or three category labels) was displayed in the left
center of the video screen at the beginning of each trial.
Participants could study the memory set for up to 20 seconds. To
view the display set, participants pressed the space bar. An
orientation display consisting of three plus signs was

presented for 500 ms in the same location as the display set, to
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allow the participant to focus his or her gaze. Then the display
set, consisting of either one target exemplar or one distractcr
exemplar, was presented. The participant’s task was to decide a-
quickly as possible whether a target was or was not present and
press a key (’Y’ for target present and ‘N’ for target absent)
corresponding to his or her decision.

Participants received the following performance feedback.
After each correct trial, the participant’s reaction time (RT)
was displayed. After each incorrect trial, an error tcne sounde’
and the correct response was displayed. Following each block c:
trials, the participant was given his or her average RT and
percent correct for that block. Participants were instructed tc
maintain an accuracy rate of 95% or better, while responding as
quickly as possible. If accuracy fell below 90% for any block,
the program instructed him or her to respond more carefully.

Experiment 3 - Results and Discussion

Mean reaction times and accuracies for both target absent
and target present trials are plotted against training session in
Figure 11. Accuracy data were analyzed with a 2 x 11 x 3 (target
presence x session x memory-set size) within-subjects analysis c<f
variance. This analysis revealed no significant differences
between the target absent and target present conditions, F < 1.
Also, accuracies were quite stable; a Newman-Keuls test revealed
no statistical differences from Session 4 through Session 11 (*%«
retention session).

During training, reaction times in both conditions followe

a normal power function, with RT performance in the target




Percent Correct

‘sjoquiAs uado

pue saul| paysep Aq ‘Aoeinaoe ‘sjoquiis pue saull pijos Aq pajuasaidal S|

awi) uonoeay ‘1IBquINN uoissas Aq paNo|d pue sjuedidiled SSOIOY pajebalbby
aJe Sa10.INDJY pue (AjuQ s|el] 108110)) sawi] uonoeay uesiy 71 ambij

JOqUINN UOISSaS

ot 6 8 L 9 S v > c s

O h L | o T T - 1 - D B t ) d‘. T oov
Wwesoid 10819) u u
O_v B ./’r/.l" w 1] -
@ . sosay 1088 —@— IA sy
o€ Josy 5 =
>
oy . a
- Sly w.
06 i —
o | 1 oos 3
0L -{ ses =
08 i
0SS
06 N .y ‘
%.WVUUM@.I o W% T rl% — k3 «mkn;’f/w Co ,Ll. = y&ly.ﬂ\w
00l GlS




present condition maintaining superiority across all sessions.

An examination of comparison slope estimates provides more
evidence that training led to proficient performance. By Session
8, slope estimates in the target present condition had stabilized
at less than 4 ms. After Session 1, slope estimates in the
target absent condition never rose above 4 ms.

The central issue, of course, pertains to retention
performance: What happened after 32 days without practice?
Reaction time performance at the last day of training and 32 days
following training (Sessions 10 and 11, respectively) are
compared in Figure 12. Clearly, decline in performance was
negligible (1.3% in the target absent condition and 1.1% in the
target present condition). A paired comparison of RT performance
in Sessions 10 and 11 revealed no statistically significant
differences [F(1,10) = 0.77, MS, = 997.11, p > 0.4].

These results indicate that the processing mechanisms
associated with memory search are not the locus of performance
decrement seen in the first 30 days in Experiment 1. It also
appears to be the case that these mechanisms are more resistant
to decay than those associated with visual search.

Experimental Series 4 -~ General Discussion

In the present series of experiments, we examined
performance on both automatic and controlled processing component
skills at various retention periods from 30 days to 6 months. We
explored some of the parameters associated with automatic and

controlled processing: in particular, the effect of time since
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training on these processes. Differences in the effect of CM and
VM training on the retention of skill were measured, as well as
the influence of differential amounts of CM training on skill
retention.

The pattern of results demonstrated in these experiments
perhaps may be interpreted best within the context of a
componential analysis of the processes underlying the complex
hybrid memory/visual search task used in Experiment 1. The
results of Experiment 3 reveal that access to automatized
semantic memory search processes is not disrupted significantly
(less than 2%) by an initial retention interval of 32 days.
Further, a similar stability of component processes is revealed
in Experiment 2, using a visual search paradigm. A performance
decrement of less than 8% was demonstrated, a decrement which,
although statistically significant, is considerably less than the
large diminution in accuracy produced by aggregation of the two
task components in the hybrid paradigm of Experiment 1. In the
hybrid memory/search task, a decrement of 13% was demonstrated
after a 30-day retention interval. The decline in retention
performance yielded in the hybrid visual/memory search task
cannot be solely attributed to the demonstrated decline in by
visual search component ner to that demonstrated by the memory
search component. Clearly, there is a qualitative difference
between the combined task and the two constituent tasks. What is
implicated is an additional degree of complexity present in the
hybrid task, a complexity that is absent in either of the

individual components.




In the more complex visual/memory search task an increasing
level of integration between the mechanisms associated with
visual and memory search components may be required. With
sufficient CM training, the integration between automatic and
controlled processes is facilitated. However, it is possible
that periods of inactivity produce an increasing demand upon the
integrative mechanism associated with the control structure.

The finding in Experiment 1 that the CM trained exemplar
search conditions exhibited the greatest amount of decline in RT
performance between Day 1 and Day 30 is noteworthy, as it
suggests that it is precisely those skill components that are the
most highly overlearned (automatized) that may be most
susceptible to decay in the initial period following training.
If, in fact, it is the visual search component of the task that
declines fastest (in the first 30 days following training),
future work may clarify whether or not there is a differential
time course for acquisition and decay of this component and for
various other components of skilled performance.

The present research has practical and theoretical
implications for the study of the effects of time on automatic
and controlled processes. The fact that the greatest decay in
performance occurred during the first 30 days after training has
important implications for designing refresher training
strategies to fine-tune automatized components of skilled
components.

Given that the decline in performance stabilizes at

approximately 30 days following training, it should be possible




to predict longer-term performance decrements based upon
performance at the 30-day mark. This predictive capability would
be invaluable for gauging performance levels across different
time spans in a variety of tasks which draw upon both visual and
memory search components. The basis for many skilled activities
(for example, in a military setting) is to provide training on
tasks that remain unused except in emergencies. Identification
of the trade-off between amount of training, initial level of
performance following training, and level of performance after
various periods of delay without practice will allow a more
precise assessment of "mission readiness." The present data may
also serve to elucidate understanding of the effects of time on
skilled performance -- an understanding that is essential to any
effort to predict performance after a period of inactivity -- or

establish which skill components to emphasize during training.
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APPENDIX A: CATEGORIES AND EXEMPLARS USED IN EXPERIMENT 1
(EXPERIMENTAL SERIES 2)

Training Phase
Target Categories and Exemplars

FRUITS VEGETABLES
APPLE CARROT
PRUNES KALE
ORANGE BEAN

LIME RADISH
PEAR TOMATO
APRICOT SQUASH
BANANA CELERY
LEMON LETTUCE

Distractor Categories and Exemplars

FURNITURE OCCUPATIONS WEAPONS
SOFA NURSE SWORD
DESK DOCTOR PISTOL
TABLE TEACHER BOMB
CHAIR FARMER CANNON
COUCH JUDGE BAYONET
STOOL CLERK RIFLE
LAMP LAWYER WHIP
DRESSER DENTIST KNIFE
BODY PARTS DWELLINGS COUNTRIES
BRAIN HOUSE CHINA
LIVER TENT FRANCE
HEART CAVE ENGLAND
LEGS HOTEL CANADA
MOUTH TRAILER SWEDEN
NOSE HOME NORWAY
FOOT SHACK JAPAN
HEAD MANSION ITALY
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Appendix A {Concinued)

Transfer Phase

Target Cateqories and Exemplars

FRUITS (T/T) VEGETABLES (T/T) FRUITS (T/U or HR)
APPLE CARROT PEACH

PRUNES KALE MANGO

ORANGE BEAN GRAPE

LIME RADISH CHERRY

PEAR TOMATO FIGS

APRICOT SQUASH PLUM

BANANA CELERY

LEMON LETTUCE

VEGETABLES (T/U or H/R) FLOWERS (MR) CLOTHING (UR)
PEAS ROSE SHIRT

ONION TULIP PANTS
CABBAGE DAISY JACKET
SPINACH VIOLET BLOUSE

CORN ORCHID DRESS

POTATO PANSY SWEATER

NOTE: For example, a participant who trained on vegetables
transferred to the following conditions: 1. vegetables (T/T), 2.
vegetables (T/U), 3. fruits (HR), 4. flowers and 5. clothing.
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Appendix A (Concluded)

Transfer Phase

Distractor Categories and Exempla.s

MUSICAL INSTRUMENTS

TUBA
CELLO
HARP
TRUMPET
ORGAN
GUITAR
FLUTE
FIDDLE

EARTH FORMATIONS

RIVER
ISLAND
CANYON
HILL
CAVE
OCEAN
VALLEY
PLATEAU

READING

BOOK
NOVEL
PAPER
JOURNAL
ARTICLE
LETTER
ESSAY
POEM

TIME
HOUR
WEEK
MINUTE
YEAR
DECADE
CENTURY
SECOND
DAYS

126

RELATIVES

AUNT
UNCLE
MOTHER
NEPHEW
SISTER
COUSIN
FATHER
NIECE

VEHICLES

BOAT
AUTO
SHIP
BICYCLE
TRAIN
WAGON
TAXT
TRUCK




APPENDIX B: PERCENTAGE OF RELATIONSHIP AMONG TARGET CATEGORIE:

Categories Percentage of Relationship
fruits and vegetables 90-99%
fruits and flowers 20-29%
vegetables and flowers 20-29%
fruits and clothing 0%
vegetables and clothing 0%
fruits and musical instruments 0%
vegetables and musical instruments 0%
flowers and clothing 0%
flowers and musical instruments 0%
musical instruments and clothing 0%
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APPENDIX C: CATEGORIES AND EXEMPLARS AND USED IN EXPERIMENTS 2

Training Phase

AND 3 (EXPERIMENTAL SERIES 2)

Target Categories and Exemplars

FRUITS

RAISIN
APPLE
PEAR
GRAPE
CHERRY
PLUM
PRUNES
LEMON

VEGETABLES

PEAS
CELERY
TOMATO
BEAN
SPINACH
SQUASH
ONION
RADISH

Distractor Categories and Exemplars

FURNITURE

SOFA
DESK
TABLE
CHAIR
COUCH
STOOL
LAMP
DRESSER

BODY PARTS

BRAIN
LIVER
HEART
LEGS
MOUTH
NOSE
FOOT
HANDS

OCCUPATIONS

NURSE
DOCTOR
TEACHER
FARMER
JUDGE
CLERK
LAWYER
DENTIST

WEAPONS

SWORD
PISTOL
RKNIFE
BOMB
CANNON
BAYONET
RIFLE
WHIP

TOOLS

DRILL
SANDER
RULER
WRENCH
PLIERS
LATHE
CHISEL
VISE

COUNTRIES

CHINA
FRANCE
ENGLAND
CANADA
SWEDEN
NORWAY
JAPAN
ITALY
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Appendix C (Contiaued)

Transfer Phase

Target Categories and Exemplars

FRUITS (TU or HR)

FRUITS (TT) VEGETABLES (TT)

RAISIN PEAS FIGS
APPLE CELERY ORANGE
PEAR TOMATO PEACH
GRAPE BEAN BANANA
CHERRY SPINACH APRICOT
PLUM SQUASH LIME
PRUNES ONION

LEMON RADISH

VEGETABLES (TU or HR) FILOWERS (MR)
CARROT ROSE
CABBAGE LILAC
POTATO VIOLET
LETTUCE DAISY
TURNIP PEONY

BEETS AZALEA

MUSICAL INSTRUMENTS (UR)

TRUMPET
HARP
FLUTE
BANJO
GUITAR
HORN

CLOTHING (UR)

SOCKS
GLOVES
BLOUSE
JACKET
DRESS
SHORTS

NOTE: For example, a participant who trains on vegetables will

transfer to the following condition

S

l. vegetables (TT) 2.

vegetables (TU) 3. fruits (HR) 4. flowers (MR) and 5. either

clothing (UR) or musical instrument
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Appendix C (Concluded)

Transfer Phase

Distractor Categories and Exemplars

DWELLINGS

CASTLE
TENT
CAVE
HOTEL
TRAILER
HOME
SHACK
MANSION

TIME

HOUR
WEEK
MINUTE
YEAR
DECADE
CENTURY
SECOND
DAYS

READING

BOOK
NOVEL
PAPER
JOURNAL
ARTICLE
LETTER
ESSAY
POEM

VEHICLES

BOAT
AUTO
SHIP
BICYCLE
TRAIN
WAGON
TAXI
TRUCK

RELATIVES

AUNT
UNCLE
MOTHER
NEPHEW
SISTER
COUSIN
FATHER
NIECE

EARTH FORMATIONS

RIVER
ISLAND
CANYON
HILL
CAVE
OCEAN
VALLEY
PLATEAU
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APPENDIX D: RATING SCALE USED IN EXPERIMENTS 2 AND 3
(EXPERIMENTAL SERIES 2)

Absolutely Certain Absolutely Certain
NO Target Present Guess A Target Was Present
|-m=mmmm e | - mmmmmmmmne R | ===mmmmmm e |

1 2 3 4 5

How certain are you that you that a target was present? (1-5) ==>
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APPENDIX E: EXAMPLE OF TRAINING AND TRANSFER CONDITIONS FOR
TYPICAL PARTICIPANT (EXPERIMENTAL SERIES 2)

Block Number Condition Category Phase

all blocks TT vegetables training
1 TT (prime) vegetables transfer
2 and 7 MR flowers transfer
3 and 8 TU vegetables transfer
4 and 9 HR fruits transfer
5 and 10 UR clothing transfer
6 and 11 TT vegetables transfer

NOTE: Except for the prime, ordering of presentation of
conditions is counterbalanced across participants.
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APPENDIX F: CATEGORIES AND EXEMPLARS USED IN EXPERIMENT 1
(EXPERIMENTAL SERIES 4)

Training Phase

Target and Distractor Categories and Exemplars

FURNITURE ANIMALS MUSICAL INSTRUMENTS
SOFA HORSE TUBA

DESK TIGER CELLO

TABLE BEAR HARP

CHAIR RABBIT PIANO

COUCH GOAT FLUTE

STOOL WOLF VIOLIN
VEGETABLES BODY PARTS WEAPONS
CARROT BRAIN SWORD
BEAN HEART SPEAR
TOMATO LEGS KNIFE
TELERY HEAD BOMB
BEETS NOSE ARROW
ONIONS MOUTH BAYONET
CLOTHING COUNTRIES EARTH FORMATIONS
SHIRT CHINA RIVER
PANTS FRANCE ISLAND
JACKET ENGLAND CANYON
GLOVES CANADA HILL
SOCKS SWEDEN CAVE
DRESS NORWAY PLATEAU

133




Appendix F (Continued)

Training Phase

Target and Distractor Categories and Exemplars

OCCUPATIONS

NURSE
DOCTOR
TEACHER
FARMER
FIREMAN
JUDGE

VEHICLES

BOAT
AUTO
SHIP
TRAIN
TRUCK
BICYCLE

RETLATIVES

AUNT
UNCLE
MOTHER
NEPHEW
SISTER
COUSIN

ALCOHOL

BOURBON
WINE
VODKA
BRANDY
SCOTCH
WHISKEY
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BUILDING PARTS

FLOOR
CHIMNEY
WINDOW
ROOF
STEPS
CLOSET

UNITS OF TIME

HOUR
WEEK
YEAR
DECADE
SECOND
MINUTE




Appendix F (Concluded)

Retention Phases

Target and Distractor Categories and Exemplars

FURNITURE ANTMALS MUSICAL INSTRUMENTS
CABINET MOUSE TRUMPET

LAMP SHEEP DRUM

DRESSER LION OBANJO

BENCH DONKEY GUITAR

VEGETABLES BODY PARTS WEAPONS

CORN FOOT RIFLE

LETTUCE LIVER PISTOL

SQUASH FINGER TANK

TURNIP HANDS CANNON

CLOTHING COUNTRIES EARTH FORMATIONS
SHOES JAPAN LAKE

SWEATER ITALY OCEAN

BLOUSE SPA’N VALLEY

SKIRT RUSSIA CLIFF
QCCUPATIONS RELATIVES BUILDING PARTS
CLERK FATHER DOOR

LAWYER NIECE WALL

DENTIST BROTHER STAIRS

PLUMBER SONS CEILING
VEHICLES ALCOHOL UNITS OF TIME
TAXI BEER CENTURY

JETS MARTINI DAYS

JEEP LIQUEUR EONS

WAGON TEQUILA ERAS

NOTE: The categories and exemplars used in training were also
used in retention.

135




APPENDIX G:

CATEGORIES AND EXEMPLARS USED IN EXPERIMENT 3

(EXPERIMENTAL SERIES 4)

Training and Retention Phases

Target and Distractor Categories and Exemplars

ELOWERS

ROSE
LILAC
VIOLET
DAISY
PEONY
AZALEA

WEAPONS

SWORD
SPEAR
KNIFE
BOMB
ARROW
BAYONET

VEGETABLES

CARROT
BEETS
CABBAGE
POTATO
LETTUCE
TURNIP

ANIMALS

HORSE
TIGER
BEAR
RABBIT
GOAT
WOLF

EARTH FORMS

RIVER
ISLAND
CANYON
HILL
CAVE
PLATEAU

BUILDING PARTS

FLOOR
CHIMNEY
WINDOW
ROOF
STEPS
CLOSET
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BODY PARTS

BRAIN
HEART
LEGS
HEAD
NOSE
MOUTH

MUSICAL INSTRUMENTS

HARP
FLUTE
TRUMPET
BANJO
GUITAR
HORN

COUNTRIES

CHINA
FRANCE
ENGLAND
CANADA
SWEDEN
NORWAY
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Appendix G (Concluded)

d t i ses

a is ct Categories and Exemplars

CLOTHING OCCUPATIONS RELATIVES
SHORTS NURSE AUNT
BLOUSE DOCTOR UNCLE
JACKET TEACHER MOTHER
GLOVES FARMER NEPHEW
SOCKS FIREMAN SISTER
DRESS JUDGE COUSIN
FRUITS ALCOHOL UNITS OF TIME
FIGS HOUR BOURBON
ORANGE WEEK WINE
PEACH YEAR VODKA
BANANA DECADE BRANDY
APRICOT SECOND SCOTCH
LIME MINUTE WHISKEY

U. 5. GOVERUMENT PRIt [,
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